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T HE electrocardiogram has proved a most 
useful tool in studying the dynamics of con- 
genital heart disease. Patterns of systolic 
loading and of diastolic loading of the right 
or left ventricle have been recognized with 
increasing accuracy in recent years; they 
provide useful information in assessing the 
functional ability of the heart in a given 
case. It was decided to investigate the re- 
spiratory distress syndrome in this manner. 

Diastolic loading of the left ventricle is 
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usually characterized by a tall R in V¢ or a 
deep Q in Vg, or by these two characteris- 
tics occurring together. This type of pattern 
is typical of the child after the first 6 
months of life in such conditions as patent 
ductus arteriosus and ventricular septal de- 
fect, when there is a large shunt of blood 
into the pulmonary circulation. Another 
pattern that has received relatively little at- 
tention in infants is also diagnostic of dias- 
tolic loading of the left ventricle. This con- 
sists of a deep S in V, or V;z in the right 
precordial leads usually associated with a 
low ratio of R/S in V,. The pattern has 
been recognized in many cases of congenital 
heart disease with large left-to-right shunts 
producing pulmonary congestion. It has been 
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Fig. 1. Baby Boy G. Electrocardiograms showing diastolic loading of the left ven- ) 
tricle (S waves in V; and V: with a low R/S ratio) associated with a patent | 
ductus and diminished pulmonary vascular resistance from 21 hours until 4 to 5 


days of life. At 10 days an essentially normal pattern is observed. 
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seen in a number of newborn infants with 
patent ductus arteriosus or ventricular septal 
defect. 

A tall R and deep Q in precordial lead 
V. are rarely seen in the first month of life, 
probably because the electrical forces gener- 
ated in the small hearts are not well trans- 
mitted to the axilla, but, on the other hand, 
either positive or negative waves in the myo- 
cardium are readily picked up over the cen- 
tral precordium, since the heart is close to 
the chest wall in this area. Systolic or dias- 
tolic loading of the right ventricle is identi- 
fied in the young infant by tall R waves over 
the right precordium. Increased pulmonary 
vascular resistance may be recognized by tall 
R waves in V, or V2, or by a high R/S 
ratio in the same portion of the precordium, 
often with upright T waves. 

Our studies’ of the electrocardiogram in 
ventricular septal defect have led us to the 
conclusion that considerable hemodynamic 
information can be obtained in the newborn 
period by an investigation of the clinical and 
electrocardiographic data combined in this 
cardiovascular adjustment stage. It was, 
therefore, decided to study the problem in 
infants with respiratory distress, infants of 
diabetic mothers (who, it is well recognized, 
are prone to develop respiratory distress) , 
and also to obtain standards of measure- 
ments in normal and premature babies dur- 
ing the neonatal period. The standards in- 
cluded height of R or depth of S in pre- 
cordial leads, direction and magnitude of T 
waves, rate, P-R interval, QRS, Q-T, and, 
in some instances, a recording of the vector 
loops. 


INFANTS WITH RESPIRATORY 
DISTRESS 


Baby G. This infant furnishes an example 
of an infant with respiratory distress, a 
patent ductus with a left-to-right shunt, and 
relatively low pulmonary vascular resistance. 
He was born in February, 1958; his birth 
weight was 7 pounds, and shortly after birth 
he was noticed to have respiratory distress. 


When this became more marked he was 
transferred to the Hospital for Sick Chil- 
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dren and an electrocardiogram was done at 
12 hours of age and at regular intervals for 
the next 10 days (Fig. 1). Cardiac cath- 
eterization was carried out when the baby 
was 24 hours old and also at 10 days of age. 
It can be seen (Fig. 2) that the cardiac 
catheterization data reveal a relatively large 
shunt into the pulmonary artery from the 
aorta through the patent ductus arteriosus. 
The cardiac catheter passed with ease 
through the duct into the descending aorta. 
The pressure in the right ventricle was es- 
sentially the same as the systemic one at 24 
hours. At the end of 10 days there was no 
evidence of a shunt through the ductus, the 
catheter could not be passed through it, and 
the pressure had fallen in the right ventricle 
to a level regarded as the upper limits of 
normal. The pressure in the left atrium at 
24 hours showed a systolic level of +5 mm., 
and a diastolic of —5, with a mean of 2 mm., 
whereas at the end of 10 days the pressure 
was +2/—2 with a mean of 0. An x-ray (Fig. 
3) taken at 24 hours showed enlargement 
of the heart and a ground-glass appearance 
throughout the parenchyma of the lung. At 
6 days of age the heart was smaller and the 
lungs were clear. These radiologic findings 
were considered to be characteristic of the 
respiratory distress syndrome and of hyaline 
membrane disease. 

The electrocardiographic patterns showed 
a left loading tracing in V, and V, from 
24 hours of age on until 4 or 5 days of age 
when this began to recede, and an essen- 
tially normal pattern was reached by the 
tenth day. It will be seen that this pattern 
of deep S in V, and V, was associated with 
the widely patent ductus, with a consider- 
able flow through it to the lung fields, and 
the S diminished in magnitude as one ap- 
proached the time that the ductus was 
found to be completely closed. The vector- 
cardiogram (Fig. +) showed little change in 
the frontal and sagittal views, except dimi- 
nution in magnitude over a period of 2 or 3 
days; however, in the horizontal view the 
vector which had been clockwise and _pos- 
terior at | or 2 days of age became counter- 
clockwise and anterior by the fifth day. 
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Baby D. This child presents an example 
of minimal respiratory distress associated 
with a patent ductus and high pulmonary 
vascular resistance. His birth weight was 8 
pounds, 6 ounces. He was dyspneic at birth, 
and a venous angiogram (Fig. 5) was made 
on the third day of life. This revealed a large 
patent ductus with reversal of flow through 
it. By 7 days of age the ductus had closed; 
this was confirmed by both aortogram (Fig. 
6) and cardiac catheterization. The electro- 
cardiograms of this baby are shown in Fig. 7, 
and are characteristic of a high pulmonary 
vascular resistance pattern. Cardiac cathe- 
terization revealed that the pulmonary vas- 
cular resistance did not fall immediately fol- 


lowing the closure of the ductus. Such a 


CARDIAC CATHETER DATA ON BABY G. 
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Fig. 2. Baby Boy G. Cardiac catheter data at 24 
hours of life and at 10 days of life (described in 
text). At 24 hours of age cardiac catheterization 
revealed a relatively large shunt into the pulmo- 
nary artery from the aorta through a patent ductus 
arteriosus. The catheter passed with ease through 
the ductus into the descending aorta. The pres- 
sure in the right ventricle was essentially the same 
as the systemic pressure at this time. At 10 days 
there was no evidence of a shunt through the 
ductus, the catheter could not be passed through 
it, and the pressure in the right ventricle had 
fallen to a level which was in the upper limits of 
normal. 
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pattern is likely to appear for some time 


after the ductus is closed, when the resist- 
ance is high, whereas with a low resistance 
the characteristic pattern is likely to be 
eliminated by closure of the ductus, pro- 
vided no other load is imposed on the left 
ventricle. 


INFANTS OF DIABETIC 
MOTHERS 


The first of the 2 babies described above 
is an example of diminished pulmonary vas- 
cular resistance; the second of increased 
vascular resistance. One of us* had been 
studying a group of infants of diabetic 
mothers, and, since they are prone to de- 
velop. respiratory distress, electrocardio- 
graphic tracings were made in each case 
during the first few days of life. This was 
correlated with the clinical examination and 
blood chemistry when the latter could be 
obtained easily. On review of the electro- 
cardiograms of these infants, it was soon 
found that they could be readily divided 
into two major groups: (a) those with a left 
ventricular loading pattern, and (b) those 
with a right ventricular loading pattern. 
There were 12 cases in the former group 
and 80 per cent (10 out of 12) were found 
to have respiratory distress. Three of those 
with distress died. On the other hand, of 
the 9 cases with a right ventricular loading 
pattern, there were only 2 with distress; one 
of these was involved to a very mild degree, 
the other was more severely distressed and 
showed the typical appearances of hyaline 
membrane formation on x-ray of the lungs. 
There were no deaths in this group. Exam- 
ples of these two opposing patterns are 
shown in Fig. 8. The mean S waves and R 
waves in the precordial leads in the infants 
of diabetic mothers are compared with simi- 
lar means of normal prematures. These data 
are recorded in Fig. 9. It will be seen that 
in the left loading group there is a remark- 
able increase in magnitude of the S waves 
of the right precordium during the first 48 
hours. This had diminished considerably by 
the end of the first week, but was not yet 
back to normal. The R waves in this group, 
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Fig. 3. Baby Boy G. X-ray of the chest taken at 1 day and 6 days of life showing cardiac 
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enlargement and ground-glass appearance of the lungs, at 1 day of age, and normal appear- 
ance of cardiac shadow with clear lung fields at 6 days. 


on the other hand, are the same as those of 
the normal infants. When the infants of 
diabetic mothers with right ventricular load- 
ing patterns were considered, it was seen 
that a reverse pattern appeared with un- 
usually tall R waves over the right pre- 
cordium, and with S waves that were simi- 
lar to those in the normal group. Apart from 
those of the 3 children who died in the left 
loading group, all of the electrocardio- 
graphic patterns returned to normal after 
the first week of life. Subsequent clinical 
examination has revealed normal cardiac 
signs and function in each case. Our inter- 
pretation of these data is that the left load- 
ing group had diminished pulmonary vas- 
cular resistance presumably with a patent 
ductus, and that the right loading group 
had increased pulmonary vascular resistance 
with or without a patent ductus. 

The infants born of diabetic mothers in 
this group who died all showed pathologic 
changes of hyaline membrane disease. 


RESPIRATORY DISTRESS 
GROUP 


There were 42 infants in our series who 
had respiratory distress. Twelve of them 
were infants of diabetic mothers, 10 died 
who had hyaline membranes demonstrated 


pathologically at postmortem (of these 3 
were infants of diabetic mothers) and the 
remainder recovered. On examination of the 
electrocardiograms of this total group, evi- 
dence of left ventricular loading was found 
in the majority. It will be seen in Fig. 10 
that the R/S ratio was less than 1 in 70 
per cent of the infants proved at postmor- 
tem to have hyaline membranes, and in 75 
per cent of those with respiratory distress 
who were born of diabetic mothers. 

To judge the degree of significance of the 
patterns referred to above as right or left 
ventricular loading, it is obvious that one 
needs to have adequate normal control data. 
One of us* is carrying out a study on the 
electrocardiogram in normal full-term in- 
fants involving the changes immediately fol- 
lowing birth in the neonatal period. The 
bulk of these data has been reviewed, and 
the R and S waves measured in the various 
precordial leads as well as the R/S ratios. 
Data are also available on 43 cases of pre- 
mature infants who are considered to be 
normal. A summary of the S waves in these 
control cases appears in Fig. 11. It will be 
noted that the largest S waves in the right 
precordial leads were seen in the first 24 
hours in both the premature and full-term 
infants, and in both groups they diminished 
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during the first week. The R waves, on the 
other hand, remained relatively constant 
during the first 2 days, but increased slightly 
at the end of the first week. These results 
are similar to those reported by Ziegler* in 
his monograph published in 1951. 

In the premature infants, the S in V, is 
deeper than the S in V4, and it seems highly 
probable that this negative wave over the 
right precordium is related to left ventricu- 
lar loading. Since the only cause of left ven- 
tricular loading that is likely to diminish in 
the first few days of life is that of flow 
through the patent ductus it seems probable 
that deeper S waves in the right precordium 
in the first day or two of life are due to a 
patent ductus, and, as it closes, this extra 
load in the left ventricle is relieved. 


Hyaline Membrane Syndrome 
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Fig. 4. Baby Boy G. Vectorcardiogram at 2 days 
and 5 days of life. Frontal and sagittal views 
showed diminution of magnitude over a period of 
3 days. In the horizontal view the vector which 
had been clockwise and posterior at 2 days be- 
comes counterclockwise and anterior on the fifth 
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day. 
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The left loading pattern in the respiratory 
distress group also points to a patent ductus 
and diminished pulmonary vascular resist- 
ance. Since the ductus is usually open in the 
distressed group in the first day or two of 
life, the chief cause of variation in the mag- 
nitude of the S would appear to be related 
to the pulmonary vascular resistance. 

During the first week of life a total of 13S 
electrocardiographic tracings were taken on 
27 mature infants, 154 tracings were taken 
on 24 premature infants, and 163 were 
taken on 42 infants who suffered from the 
respiratory distress syndrome. These electro- 
cardiograms were analyzed for values of 
heart rate, P-R interval, QRS interval, Q-T 
interval, P wave, duration and height, at 
birth to 6 hours, at 6 hours, 12 hours, 24 
hours, 48 hours, 72 hours, and one week. 

Heart rate (measured in standard Lead 
II). The ventricular rate in the distressed 
group was comparable to that of the pre- 
mature control group during the first 48 
hours. It varied between 142 and 147 per 
minute (mean 145 per minute) with no 
change at the end of a week. In the mature 
controls the rate varied between 122 and 
129 per minute (mean 125 per minute) in 
the first 48 hours, rising to a mean of 144 
per minute at the end of a week. In the pre- 
mature group it varied between 141 and 150 
per minute (mean 145 per minute) during 
the first 48 hours and rose to a mean of 170 
per minute at one week. 

There appeared to be no correlation be- 
tween the degree of respiratory difficulty 
and the ventricular rate. 

Axis. The mean axis is relatively constant 
during the first week of life in the normal 
and distressed infants. The mature control 
group had an average mean axis of 150 
degrees and the premature controls had an 
average mean axis of 130 degrees. The dis- 
tressed infants had an average mean axis of 
125 degrees, which is therefore a little fur- 
ther to the left than in the normal mature 
or premature, yet one would still describe 
this as right axis deviation. The small pre- 
mature in distress has more left axis devia- 
tion than the more mature babies. 
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Fig. 5. Baby Boy D. Venous angiogram at 3 days 
of life reveals a large patent ductus with reversal 
of flow through it. 


P-R interval (measured in standard Lead 
II). The mean P-R interval in the mature 
and premature control groups varied be- 
tween 0.096 and 0.09 second in the first 
week of life compared with 0.098 to 0.102 
second (mean 0.101 second) in the dis- 
tressed infants during the same period. 

Analysis of the electrocardiogram in the 
individual distressed groups shows very little 
prolongation of P-R in the mature and pre- 
mature infants with respiratory distress com- 
pared with controls (mean .09 second), but 
significant prolongation of P-R in distressed 
infants of diabetic mothers and particularly 
so during the first 48 hours of life (mean 
0.113 second). Infants of diabetic mothers 
with no distress (9 cases) did not have P-R 
intervals prolonged to this extent. 

Usher® found that the mean P-R duration 
in his distressed premature infants from 12 
to 60 hours of life was 0.112 second. In the 
premature infants with distress in our group 
during that period of time the mean P-R 
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was 0.09 second. The mean P-R duration in 
the distressed infants of diabetic mothers is 
more comparable to Usher’s findings, prob- 
ably because severely distressed infants and 
terminal cases are included in our group as 
they were in Usher’s. 

QRS interval (measured in_ precordial 
Lead V.. The duration of QRS was slightly 
prolonged in the distress group when com- 
pared with the normal controls (mean QRS: 
controls 0.045 second, distress group 0.05 
second). 

The distressed premature infants had pro- 
longation of QRS during the first 2 days of 
life (mean 0.05 second) compared with pre- 
mature controls (mean 0.044 second) as 
noted also by Usher.* 

Q-T interval (measured in standard Lead 
II). The Q-T interval was not significantly 
prolonged in the over-all distressed group 
during the first week of life (mean 0.26 sec- 
ond) when compared with the controls 

mean 0.24 second 





Fig. 6. Baby Boy D. Aortogram on the seventh 
day of life shows that the ductus arteriosus has 
closed. 
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Boy D. Pulmonary Hypertension 
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Fig. 7. Baby Boy D. Electrocardiograms at 19 hours, 4 days, 9 days, and 5 months, 
showing a pattern compatible with high pulmonary vascular resistance which did not 
change immediately after closure of the ductus on the seventh day, but did subside 
and returned to normal over a period of several weeks. 











U waves were present with equal fre- 
quency in normal infants, as in distressed 
ones, and appeared to be less obvious at the 
end of one week. The Q-T interval was in 
many cases not measurable because of flat 
T waves in Lead II. 

P wave (measured in shortened Lead II 
or V, and V,.. There were no flat or wid- 








ened P waves in the distressed group ob- 
served by Usher.’ The height of P varied 
from 0.8 to 2.75 mm. (mean 1.69 mm.) in 
the control groups during the first week. 
The duration of P remained unchanged. In 
the distress group the height of P remained 
unchanged during the first week; measure- 
ments varied from 1.6 to 2.2 mm. (mean 1.7 
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mm.). The duration of P was no different 


than in the controls. 

T wave (in right chest leads). The pres- 
ence of upright and diphasic T waves in 
precordial lead V, in mature and premature 
controls and in the distressed group of in- 
fants is analysed at birth to 2 hours, 2 to 8 
hours, 8 to 24 hours, and 24 to 48 hours of 
life (Fig. 12). 

There is a rapid decrease in the percentage 
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of upright or diphasic T waves in the normal 
mature and premature and in the distressed 
infants between 2 and 8 hours following 
birth, thereafter the decrease is a little less 
marked in the premature and distressed group. 

The dynamic basis for upright T waves is 
not entirely clear but may be related to 
the pulmonary artery pressure, and this in- 
directly to a patent ductus and pulmonary 
vascular resistance. 


Two Infants of Diabetic Mothers | A and B 
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Fig. 8. Electrocardiograms of 2 infants of diabetic mothers. 
A, Girl L., aged 1 day, who suffered no distress, has a tracing showing right ven- 
tricular loading pattern, tall R waves over the right precordium, with S waves simi- 


lar to those of the normal group. 


B, Girl T., aged 5 hours, who suffered from the respiratory distress syndrome, 
shows a left ventricular loading pattern with deep S waves over the right precordium 


and R waves which were of the same magnitude as in the normal controls. 
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* 
R Wave in 1.D.M: with Distress 
and Left Vent. Loading 
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R Wave in LD.M* with Right Vent. Loading 
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*Infants of Diabetic Mothers Compared with Normal Prematures 
Fig. 9. Mean R and S waves in electrocardiograms of infants of diabetic mothers (21 cases) 
at (a) O to 48 hours, (b) 48 hours to 1 week, compared with those of normal premature 


infants (24 cases). 


A, Shows left ventricular loading pattern in distressed infants of diabetic mothers with in- 
creased magnitude of S waves initially, diminishing by 1 week of life. The R waves are not 


essentially different from those of the controls. 


B, Shows right ventricular loading pattern in infants of diabetic mothers with no respiratory 
difficulty. The magnitude of R waves is increased when compared with those of. the controls 
during the first few days of life. The S waves are of a size comparable to those of the controls. 


DISCUSSION 


Respiratory distress and the normal physi- 
ologic adjustments in the newborn infant 
are both very complex and are undoubtedly 
interrelated. Each must be studied to under- 
stand the other. The suggested causes of re- 
spiratory distress have been numerous. Dis- 
the the 
nervous, and the pulmonary systems and 


orders of cardiovascular, central 
metabolic derangements have been impli- 
cated in the past, but three or four recent 
developments appear to shed new light on 


the subject: these include (a) the lung sur- 


face tension studies of Avery,® (b) the ab- 
sence of normal fibrinolytic activity in the 
lungs reported by Lieberman,’ and (c) the 
hemodynamic investigations of Rudolph.* It 
is the relation of the electrocardiogram to 
the last approach in which we are par- 
ticularly interested, although we are well 
aware of the importance of the other etio- 
logical factors. 

Investigations regarding heart failure, pul- 
monary edema, pulmonary vascular resist- 
ance, and the effect of blood biochemical 
changes on the heart, all provide data that 
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R/S Ratio in Precordial Lead V, in Various Newborn Groups 
In First 48 Hours of Life 
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Fig. 10. R/S ratio in precordial lead V; in various groups of newborn 
infants from 6 to 48 hours of age, showing percentage of cases with R/S 
less than one. The greatest percentage of cases with R/S less than 1 was 
observed in the group with hyaline membrane disease (H.M.D.) proved 
at autopsy, and in the distressed infants of diabetic mothers. These data 
represent electrocardiograms of 27 full-term infants, 24 premature infants, 
11 full-term distressed infants, 10 premature distressed infants, 12 distressed 
infants of diabetic mothers (J.D.M.), 9 infants of diabetic mothers with 
no distress (J.D.M.), and 10 infants who died with hyaline membrane dis- 
ease (H.M.D.) proved at autopsy. 


S Waves in Precordial Leads in Prematures and Full Term Infants 





@—e Premature 43 cases 


O--O Full term 27 cases 
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Fig. 11. Magnitude of S wave in precordial leads in premature and full-term infants. The 
S wave over the right precordium diminishes slowly over the first few days of life in 
the premature infants. In the full-term infants it diminishes during the first 72 hours in V2; 
there is little change thereafter. 
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Upright or Diphasic T Wave in V, 
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Fig. 12. Upright or diphasic T wave in V; in control full-term and premature in- 
fants compared with those of infants suffering from respiratory distress during the 
first week of life. There is a rapid decrease in the percentage of upright or diphasic 
T waves in the first 24 hours in electrocardiograms taken in normal full-term 
infants. Premature infants show some decrease but at no time do the distressed 
infants show as high an incidence of upright or diphasic T waves as the control 


group. 


bear on the cardiovascular response of the 
distressed infant. The electrocardiogram has 
been used in an attempt to elucidate some 
of the problems involved. Detailed hemo- 
dynamic studies are difficult to obtain in 
newborn infants, whether well or ill. Our 
findings suggest that some help may be ob- 
tained from the electrocardiogram in deter- 
mining in what direction further investiga- 
tions should be pointed, but such data must 
be assessed in relation to other clinical and 
physiologic information. 

Ductus arteriosus. The ductus arteriosus, 
though open at birth, in man normally is 
anatomically closed by the age of 2 months.” 
Constriction of the channel occurs much 
earlier; an uncontracted ductus was not seen 
after the second day in a series of 63 new- 
born specimens examined by Wilson,'® and 
Mitchell’ found only probe patency in un- 
obliterated ducti arteriosi after the first 
week of life. 


Most animal investigations indicate early 
contraction of the ductus arteriosus after 
birth, such evidence being available for the 
lamb, guinea pig, dog, and swine. In the 
swine and dog the major contraction seems 
to occur at approximately 8 hours. Ana- 
tomic closure is not complete for 2 or 3 
weeks. 

The first direct demonstration of left-to- 
right shunt through the ductus arteriosus 
after birth was made by Dawes and co- 
workers’? in lambs. Subsequently, similar 
evidence has been obtained in cows and 
foals.*: **"* There is still debate as to how 
long a significant shunt through the ductus 
occurs in humans. Studies by Eldridge and 
co-workers’ and by James" indicate that a 
right-to-left shunt takes place through this 
channel for about an hour at least after the 
onset of respiration. Other investigators, 
utilizing indicator dilution techniques,’ as 
well as cardiac catheterization studies, have 
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revealed left-to-right shunts through the 
duct for as long as one week. 

Although Dawes’ has shown in the new- 
born lamb that a ductus the lumen of which 
could barely admit the head of a pin can 
carry nearly 40 c.c. of blood per minute, 
there is increasing evidence that more often 
large flows occur only with larger ducts and 
that an insignificant antaomic patency is 
more frequently associated with a trivial 
left-to-right shunt.* *° 

Continuous murmurs have been heard in 
a variety of animals. Forty per cent of the 
swine examined under the age of 8 hours 
after delivery had a continuous murmur.*° 
An early study revealed no murmur (an 
auscultatory sign of considerable pulmonary 
hypertension) in 4 newborn infants observed 
every 5 minutes for 4 hours after delivery.’® 
Burnard,*' in a detailed study of a large 
number of newborn infants, found 13 per 
cent of normal infants have murmurs clearly 
of ductal origin. Confirmatory evidence was 
provided by other workers who found 14 
per cent of healthy term infants had con- 
tinuous murmurs.** The peak incidence of 
continuous murmurs in their study was 6 to 
8 hours. 

Evidence in animals, notably swine,*° 


] 


dogs,?* and man,° is at least suggestive that 
the pulmonary artery pressure during the 
transitional period after birth normally is 
related to pulmonary vascular resistance, 
and that flow across the ductus is mainly 
related to the size of the lumen of that 
channel rather than to any pressure gradient. 

In the respiratory distress syndrome 
Shanklin** reported an anatomic patent 
ductus arteriosus in all infants examined by 
him, a not unexpected finding since from 
our experience those who die under 4 days 
of age will have large ducti regardless of 
their state of health. From the viewpoint of 
function Burnard** reported a higher inci- 
dence of murmurs in babies with asphyxia 
or distress, while Rudolph* found left-to- 
right shunts of larger than normal volume 
in this group. We have noted such large 
shunts in even term infants with the respira- 
tory distress syndrome, so that maturity 





Electrocardiogram in respiratory distress syndrome 179 





alone is probably not the entire explanation 
of this phenomenon. 

It is not unreasonable to suppose that pul- 
monary vascular resistance might be the 
dominant influence in ductal shunting in the 
respiratory distress syndrome because, un- 
like that of the normal infant, the evidence 
would suggest that the ductus arteriosus is 
functionally wide open during the illness. It 
is known that pulmonary vasoconstriction 
from hypoxia can produce a return to fetal 
direction of flow in the immediate newborn 
period both in humans,** and in dogs.** Con- 
versely, a major decrease in pulmonary vas- 
cular resistance can result in a gross left-to- 
right shunt at this age.* *° 

Pulmonary vascular resistance. There are 
numerous mechanisms at work that main- 
tain pulmonary vascular resistance in the 
newborn infant. These include the thickness 
of the arterial wall in relation to the size of 
the lumen, the normal elasticity of the pul- 
monary arteries, the sympathetic and para- 
sympathetic control, the oxygen content of 
the arterial blood, and oxygen content of 
the inspired air, as well as the carbon- 
dioxide content of venous and arterial blood 
and the gradient between them, the ionized 
calcium blood level, pH, the response to 
blood flow and pressure, and other indirect 
mechanisms. Certain of these may play a 
predominant role in controlling blood flow 
during the neonatal adjustment period. 

Edwards** has demonstrated the thick- 
ened pulmonary artery wall in the newborn 
which results in a large wall-to-lumen ratio 
(2 to 1). The anatomic appearance of the 
arterioles changes over several months. At 
the same time, the pulmonary vascular re- 
sistance falls, paralleling the anatomic 
change to some degree; however, the pulmo- 
nary vascular resistance falls more rapidly 
in the neonatal period and does not entirely 
parallel the anatomic change. There is evi- 
dence in general that in the neonatal period 
the arteries are not as capable of accepting 
as large a blood flow as they are a few 
weeks or months later,’® but there is also 
evidence of considerable individual variation 
and some newborn infants may at times 
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have a very low or very high pulmonary 


vascular resistance (Figs. 2 and 5). 

James and Rowe** and Adams and Lind’ 
have shown that lowering of the arterial 
oxygen content will raise pulmonary vascu- 
lar resistance, and at times cause a reversal 
of flow through the ductus arteriosus in the 
newborn baby. This mechanism is probably 
functioning to some degree in many new- 
born infants. Dawes confirms this observa- 
tion, but has demonstrated that if the low- 
ered oxygen content persists at a sufficiently 
low level it will ultimately lead to a lower- 
ing of the pulmonary vascular resistance. 
Hatcher** has demonstrated a wide varia- 
tion in pulmonary vascular resistance in dif- 
ferent newborn puppies that were made 
anoxic. A change in the electrocardiogram 
can be demonstrated at times in infants in- 
haling 10 per cent oxygen for a few mo- 
ments. The S wave in V, becomes smaller 
with little or no change in the R wave. This 
is consistent with an increased pulmonary 
vascular resistance and a reduction in flow 
to the left ventricle, and a change is more 
likely to occur in newborn infants with pa- 
tent ductus and a considerable left-to-right 
shunt. This mechanism undoubtedly is ac- 
tive in many infants with the respiratory 
distress syndrome whose arterial oxygen 
saturation is reduced. 

Von Euler** and others have reported 
pulmonary hypertension from inhaling car- 
bon dioxide in adequate concentration. 
Shepherd*’ demonstrated that the inhalation 
of 5 per cent CO, by humans being cathe- 
terized produced moderate but consistent 
increase in pulmonary vascular resistance. 
Manfredi*’ concluded that a considerable 
gradient of CO, tension exists between the 
blood in the pulmonary artery proceeding to 
the capillary, and the pulmonary venous 
blood coming away from the capillary, and 
as long as this gradient persists the inhala- 
tion of carbon dioxide will not alter the pul- 
monary vascular resistance. If the tension 
gradient falls to 1 to 3 mm. Hg there is a 
local constriction in the capillaries and ar- 
terioles which shunts the blood to other 
parts of the lung. Respiratory distress is 
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characterized by areas of atelectasis, pulmo- 
nary edema, and hyaline membrane. This 
must initiate the above mechanism, produc- 
ing localized vascular constriction in reduc- 
ing the blood flow to certain portions of the 
lung and shunting it to others. Blood flow 
will then be toward the nonatelectatic lung, 
increasing the congestion in such areas, and 
in many instances leading to some increase 
in pulmonary artery pressure. 

Other mechanisms may also be active. 
Salisbury** has related lowering of the pH 
to increased pulmonary vascular resistance, 
and this may counteract previously func- 
tioning dynamic effects. Salisbury has also 
found that a lowering of the ionized cal- 
cium in the plasma will cause a raised 
pulmonary vascular tone and increased pul- 
monary artery pressure. This chemical de- 
ficiency may be present in the respiratory 
distress syndrome and has been noted in 
infants of diabetic mothers. 

Since the ductus is widely patent in in- 
fants with respiratory distress, the electro- 
cardiogram reflects changes in pulmonary 
vascular resistance and blood flow through 
the lung. A large flow to the lungs and to 
the left ventricle is reflected by the deep S 
wave over the right precordium, and, when 
such flow is diminished, the S wave is less- 
ened. When the pulmonary vascular resist- 
ance is high a tall R wave may be seen in 
the right precordium. 

Baby G. presents an example of respira- 
tory distress with relatively low pulmonary 
vascular resistance and its effect on the S 
wave in the electrocardiogram. Baby D., on 
the other hand, presents an angiogram with 
high pulmonary vascular resistance and re- 
versal of flow through the ductus. The elec- 
trocardiogram shows the tall R wave of 
high resistance over the right precordium. 

The R/S ratio is also indicative of the 
same process. On the basis of the electrocar- 
diographic findings, a low pulmonary vascu- 
lar resistance pattern is more common in 
premature infants than in normal full-term 
ones. It is more common in the respiratory 
distress group than in either full-term or 
premature infants, and it is present in four- 
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fifths of the infants of diabetic mothers who 
develop the distress syndrome. An electro- 
cardiographic pattern compatible with a 
normal or raised pulmonary vascular resist- 
ance appears to be the rule in most of the 
infants of diabetic mothers who do not de- 
velop respiratory distress. In certain cases, 
the electrocardiographic pattern of low re- 
sistance may be lacking, possibly due to 
anoxia or to biochemical imbalance. This 
reaction is more likely to occur in the severe 
cases in the early hours of life or in the 
terminal stages when secondary factors are 
operating. 

The data presented strongly suggest that 
there is a decreased pulmonary vascular re- 
sistance in many of the babies suffering 
from and subject to the respiratory distress 
syndrome. This is borne out by cardiac 
catheter observations,® electrocardiographic 
studies, venous pressure recordings, and 
postmortem data.** It may be part of a dif- 
fuse reduction in vascular resistance through- 
out the body, but the pulmonary vascular 
response may be crucial as far as survival 
of the infant is concerned. A loss of tone in 
the pulmonary arteries, capillaries, and 
veins, coupled with a loss of vascular tone 
elsewhere in the body, may well be funda- 
mental in the etiology of this condition. A 
therapeutic trial of certain drugs should aid 
in clarifying this problem. 

Segal®* and Neligan** have each shown 
that hypotension is a common finding in the 
respiratory distress syndrome. Further, Neli- 
gan finds a difference between newborn 
babies who have simple asphyxiation com- 
pared with infants with respiratory distress 
of hyaline membrane origin. Asphyxia at 
birth was accompanied by a temporary ele- 
vation of blood pressure, whereas those 
whose lungs showed hyaline membrane had 
no such elevation of blood pressure, but, 
instead, a progressive fall in systemic pres- 
sure to levels below those noted in the nor- 
mal infants following birth. 

These findings may be explained by the 
animal experimentation of Hatcher,** who 
has noted two or three types of response in 
newborn puppies. One of these he labels the 
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“mature” and another the “immature” re- 
sponse. In the newborn puppy with the 
“mature” response anoxemia produces a rise 
in both systemic and pulmonary artery pres- 
sures initially, but in some after 5 to 10 min- 
utes of anoxia there is a rapid drop to 
pathologically low levels in the systemic 
circuit. After ventilation with oxygen again, 
there is an overshooting of the systemic 
blood pressure to levels higher than those 
previously noted, prior to their return to 
normal. In the “immature” response both 
systemic and pulmonary pressures fall grad- 
ually with anoxemia, and after ventilation 
with oxygen the blood pressure returns to 
normal, and there is considerably less over- 
shoot. 

Bonham-Carter and co-workers** noted a 
higher mortality in the distressed group 
when the venous pressure was normal, or 
lower than normal. Those with raised ve- 
nous pressure usually survived. 

Heart failure. Several authors** ** have 
suggested that the respiratory distress syn- 
drome is associated with heart failure. This 
is based on finding evidence of congestion 
in the lung fields, pulmonary edema, and 
hyaline membrane containing exudative 
plasma constituents. Baar*® has shown that 
edema fluid can readily be demonstrated in 
the lung tissues. Burnard*’ demonstrated 
that there is enlargement of the heart in 
this respiratory syndrome which disappears 
as the baby improves. He also reported that 
following asphyxia many babies have an 
increased heart weight. Stahlman** reported 
a lower mortality when digitalis was used. 
Smull**® recorded an increase in the total 
body and extracellular water in infants with 
respiratory distress. 

Shanklin** pointed out that the volume 
of the left ventricle is approximately three- 
fourths that of the right ventricle at birth, 
and, in spite of this disproportion in size, it 
has to face considerably greater loads than 
the right ventricle once the lungs are ex- 
panded and cardiovascular adjustments be- 
gin to take place. A normal baby is more 
active after birth than when in utero, and 
one with the respiratory distress syndrome 
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has further work to perform with his exces- 


sive respiratory efforts. The adjustments to 
a lower temperature in the environment of 
neonatal life will also lead to a higher con- 
sumption of oxygen. The cardiac reserve 
probably relates to the glycogen content of 
the heart in newborn infants, and this may 
be depleted with extra work, especially in 
the premature ones. 

The large patent ductus increases the load 
on the left heart, and if the pulmonary vas- 
cular resistance is lowered as it seems to be 
in the respiratory distress syndrome it would 
further increase the work of the heart in 
this condition. 

Our clinical data show that many infants 
with respiratory distress have some degree 
of hypoxia. The arterial oxygen saturation 
level is lowered by crying and usually ele- 
vated by the administration of oxygen. Con- 
siderable arterial unsaturation is required to 
have much effect on the heart, if this is the 
only detrimental factor operating, since we 
frequently see babies survive this period in 
the face of marked cyanosis from a con- 
genital heart anomaly. However, with other 
pathologic situations putting a strain on the 
myocardium, anoxia may be distinctly harm- 
ful to the cardiac function. 

Heart failure could be precipitated by 
either hypercapnia or acidosis. Both these 
conditions may be operating in the babies 
with respiratory distress. Carbon dioxide re- 
tention of a minor degree is a common 
event in the normal newborn infant, but 
this is usually adjusted during the first day 
of life. When respiratory distress of some 
severity is present, and carbon dioxide ten- 
sion is rising instead of falling, distinctly 
pathologic levels may be reached in the first 
24 or 48 hours. This has a depressing effect 
on the myocardium, and Nahas and Ca- 


vert*” 


have shown it may lead to myocardial 
weakness or acute heart failure; parallel to 
these changes is a depressed blood pH. 

In spite of these observations it does not 
seem likely that these babies are suffering 
from heart failure initially. The argument 
against heart failure is given force by the 
absence of enlargement of the liver and ab- 
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sence of significant increase in pressure in 
the right atrium and left atrium or venous 
systems. A strong negative pressure in the 
chest in the respiratory distress syndrome 
may, of course, diminish the mean pressure 
in the atria. When allowance is made for 
this, the mean pressure is rarely above nor- 
mal limits. However, it is recognized that 
babies with congestive heart failure have 
venous pressures that are only slightly above 
normal values in many instances. If cardiac 
failure is defined as “reduction of the con- 
tractile power of the ventricular muscle in 
the face of increased venous filling pressure,” 
one may have varying degrees of fatigue or 
inadequacy of response before the venous 
pressure rises to pathologic levels. Some de- 
gree of fatigue in this sense is likely to be 
present in the baby with the respiratory 
distress syndrome, but the myocardium is 
responding sufficiently to prevent a signifi- 
cant rise in atrial pressure; thus fully de- 
veloped heart failure is not present. One 
cannot avoid the conclusion that there is 
not sufficient back pressure from the left 
ventricle to implicate it as a primary cause 
of the pulmonary findings in the respiratory 
distress syndrome. 

There are a number of factors operating 
in respiratory distress and, if any one of 
them were sufficiently severe, acute heart 
failure could occur. It seems likely that 
many of the babies’ lives terminate with a 
combination of acute respiratory and myo- 
cardial failure. This, however, is a_ final 
event and not a primary one, and the evi- 
dence is against heart failure being the basic 
cause of the respiratory distress syndrome. 

Pulmonary edema. Since a form of pul- 
monary edema is characteristic of the re- 
spiratory distress syndrome, another avenue 
of etiological discussion is open to considera- 
tion in these cases. Any of the three funda- 
mental causes of pulmonary edema may be 
operating. First, an increased capillary per- 
meability is suggested by the diapedesis of 
red cells and serum seen in histologic sec- 
tions. Second, premature infants frequently 
have a somewhat reduced plasma protein 
that could diminish the osmotic pressure of 
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the blood passing through the lung and 
increase the predisposition to pulmonary 
edema. Domville Cook** has recently used 
serum albumin in newborn premature in- 
fants, and noted a reduced incidence of 
hyaline membrane disease by its use. Third, 
cardiac catheterization studies demonstrate 
an increased flow and pressure in the pulmo- 
nary artery that should augment the hydro- 
static pressure to some degree, although the 
left atrial pressure is only slightly elevated. 

While there are many specific causes of 
pulmonary edema, such as heart failure, 
cerebral vascular accidents, anoxia, toxic 
gases, et cetera, anoxia is the one that may 
play a significant part in the respiratory 
distress syndrome in the newborn infant 
because of the difficulties and hazards of 
the birth process. Numerous studies have 
demonstrated the development of pulmonary 
edema during and following anoxia. Fur- 
thermore, oxygen administration has been 
found useful as a therapeutic tool in the 
treatment of the respiratory distress syn- 
drome, provided it is given in moderate 
concentration. It should be remembered that 
60 to 70 per cent oxygen over several hours 
has been shown to produce fatal pulmonary 
edema in animals. In humans, however, 
Aviado and associates** have concluded that 
such concentrations must be given for 12 
hours or more in order to produce similar 
effects. 

It has long been recognized that section 
of the vagus nerve of the guinea pig pro- 
duces an effect which is rapidly fatal as 
a result of pulmonary hyperemia and pul- 
monary edema. Schmitt and Meyers** have 
shown that the pulmonary changes are due 
to a loss of sympathetic tone necessary to 
maintain normal smooth-muscle stimulation 
in the bronchioles and pulmonary vessels. 
Since this is a function of the afferent fibers 
of the vagus, they conclude that the mech- 
anism is of reflex origin. In this type of 
pulmonary edema the dynamics of a circu- 
lation and the pathologic findings are not 


unlike those of hyaline membrane disease. 


In both there is a dilatation of the bronchi- 
oles, hyperemia of the pulmonary vessels, 
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and a transudation of varying degrees, lead- 
ing in many cases to frank pulmonary 
edema. The low pulmonary and _ systemic 
venous pressures in respiratory distress, as 
well as the low pulmonary vascular re- 
sistance, may conceivably be due to inade- 
quacy of sympathetic tone in the pulmonary 
arteries and veins in an immature infant. 

Blood chemistry and the electrocardio- 
gram. The correlation of changes observed 
in the electrocardiogram with varying con- 
centrations of potassium in the serum has 
been the subject of much discussion.**-** In 
a group of newborn premature infants suf- 
fering from the respiratory distress syndrome 
Usher® considered the electrocardiographic 
changes to be related to the hyperkalemic 
state. Other observers who studied the elec- 
trocardiogram in infants of diabetic mothers 
in particular considered the changes to be 
more typical of hypokalemia.** * 

Usher® shows that the most constant find- 
ings in distressed premature infants were 
prolonged P-R and QRS intervals, particu- 
larly between 12 and 60 hours of age. Such 
prolongations in conduction were also evi- 
dent in our group of infants with respiratory 
difficulty. Usher’s observation of widening 
of the P wave, decreased voltage of QRS 
in the standard leads, and marked prolonga- 
tion of the Q-T interval were, however, not 
seen in our group. Peaked and tent-shaped 
T waves characteristic of hyperkalemia were 
never observed. The T waves in our dis- 
tressed group were low, diphasic, or de- 
pressed; and T plus U waves could often 
be distinguished. Lepeschkin** indicates that 
prolongation of the P-R and QRS intervals, 
as well as lowered T waves, is more 
likely to be produced by anoxia resulting 
from respiratory insufficiency rather than by 
high extracellular potassium, and that the 
same findings might also occur in hypoka- 
lemia. There is experimental evidence that 
prolongation of conduction observed in hy- 
perkalemic states is related to a decrease in 
resting membrane potential of the myocar- 
dial cells due to a decrease in potassium 
gradient across the cell membrane. Such a 
change occurs in acidosis when hydrogen 
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ions displace potassium from the cell, causing 
diminution of intracellular potassium. It is 
not known whether intracellular loss or ex- 
tracellular excess of potassium ions is the 
determining factor in the production of 
electrocardiographic changes. Lepeschkin* 
believes that it is the ratio of the concentra- 
tion inside the cell to that in the spaces 
surrounding it which determines the electro- 
cardiographic pattern. The elevation of the 
P wave in acidosis, which is not seen in pure 
hyperkalemia, has been attributed to sympa- 
thetic stimulation.** One wonders if Usher’s 
finding of low or absent P waves might indi- 
cate lack of adequate sympathetic response 
in the small distressed premature infant. 

The characteristic electrocardiographic 
changes in hypokalemia* consist of tall sharp 
P waves, depression of the RS-T segment, 
lengthening of the Q-T interval, lowering or 
flattening or inversion of T waves, with 
broad, taller U waves. Excess sodium may 
simulate potassium deficiency, and Keefer* 
finds that in pure potassium deficiency there 
often is an over-all retention of sodium. As 
the hydrogen ions enter the cell, potassium 
leaves the cell. At the same time more so- 
dium enters. Lepeschkin** points out that 
a hypokalemic electrocardiographic pattern 
could be produced by high sodium alone in 
the presence of a normal serum potassium, 
and that lowering of the serum calcium will 
produce lengthening of the Q-T interval. 
The last two types of electrolyte change are 
often observed in distressed infants of dia- 
betic mothers and may play a part in the 
appearance of the electrocardiogram. 

More definite knowledge of the complex 
electrolyte shifts and autonomic responses 
that occur in asphyxia in the newborn is 
required before electrocardiographic changes 
can be definitely related to a lack or excess 
of particular ions. 

The clinical finding of asphyxia and clin- 
ical signs of respiratory and metabolic aci- 
dosis would make it seem most likely that dis- 
placement of intracellular potassium occurs 
in the presence of excess hydrogen ions, 
which may explain the serum potassium 
excess and shocklike state that Usher found 
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in terminal cases of respiratory distress in 
premature infants. It could also explain the 
improvement of these infants when treated 
early with glucose-insulin bicarbonate mix- 
ture. It seems decidedly doubtful that the 
electrocardiogram can be interpreted on the 
basis of serum potassium changes alone. 


SUMMARY 


The electrocardiogram in the respiratory 
distress syndrome reflects the pulmonary 
dynamics in the majority of instances. The 
ductus is usually widely patent in this dis- 
turbed state and the pulmonary vascular re- 
sistance may be elevated or decreased. The 
high resistance is characterized by a tall R 
wave over the right precordium; the low 
resistance, by a deep S wave over the right 
precordium. Examples of this are shown. 
There is often a good prognosis in cases 
showing the high resistance pattern and a 
poorer prognosis in those showing the low 
resistance pattern. 

There is a significant degree of left ven- 
tricular loading (with deep S waves in right 
precordial leads) with large flow and low 
pulmonary vascular resistance in infants suf- 
fering respiratory distress. Those with right 
ventricular loading and high resistance less 
frequently present with severe distress and 
hyaline membrane. 

The left loading pattern may rapidly 
change to normal when the ductus arteriosus 
closes, indicating that the S wave changes 
are due to volume loading of the left ven- 
tricle, and not to hypertrophy. 

The atrioventricular conduction time and 
the QRS interval are slightly prolonged in 
the distressed group when compared with 
normal control cases. These changes, as well 
as the T wave patterns observed, could be 
a consequence of asphyxia and ensuing 
acidosis. It is emphasized that such changes 
are unlikely to be caused by serum potas- 
sium levels alone. 

It is obvious that the respiratory distress 
syndrome is related in most instances to 
immaturity in the newborn infant. The in- 
fant is smaller and the reserve is less. Gly- 
cogen reserves in the heart may be more 
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readily depleted. Ability to adjust the acid- 
base balance is less adequate. There is a 
diminished ability to ventilate the lungs. 
The surface tension of the alveolar walls 
would appear in many instances to be in- 
creased. There may often be a decreased 
fibrinolytic activity in the lung tissue. The 
serum proteins are lower in the immature 
infant. The nervous control of the venous 
system appears to be altered and venous 
pressure is likely to be lower than in the 
normal newborn infant. The ductus arterio- 
sus is widely patent in the respiratory dis- 
tress syndrome. Anoxia is more likely to 
produce a fall in pulmonary and systemic 
blood pressures with no overshooting when 
ventilation returns pressures to normal levels 
in the immature infant. In the mature infant 
there is an increase in pulmonary vascular 
resistance with anoxia, and any drop in 
pressure that may occur in the systemic 
circulation is corrected by overshooting 
when reventilation occurs. The lymph nodes 
show a different histologic pattern, which 
may be related to an immature reaction to 
shock.*® 

Any or all of these factors may be oper- 
ating in varying degrees in different infants. 
Successful therapy may be achieved at times 
by correcting one or more of these deficien- 
cies, particularly in those that are closer to 
the mature type (less premature). 

It seems likely that the incidence and 
severity of this syndrome will diminish in 
the future as obstetricians safeguard the 
infant against anoxia, trauma, and difficulty 
during the birth procedure. The anesthetist, 
pediatrician, and pediatric cardiologist all 
have a part to play in successfully tiding 
these infants over the dangerous first 3 or 
+ days of life. 

The electrocardiogram may be of some 
value in the diagnosis and prognosis of the 
respiratory distress syndrome and may also 
be helpful in monitoring the various thera- 
peutic approaches, e.g., in the administration 
of oxygen and glucose solution, the correc- 


tion of blood pH, and assessing the effects’ 


of the artificial respirator. 
The studies to date have not shown any 
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conclusive evidence of heart failure during 
the course of the respiratory distress syn- 
drome. It is possible, however, that the ter- 
minal incident may be associated with the 
appearance of acute myocardial failure. 
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Dissociation of gronth-stimulating ana 


skeleton-maturing actions of the 


synthetic androgen, fluoxymesterone 


William A. Reilly, M.D., and Gilbert S. Gordan, M.D.* 


SAN FRANCISCO, CALIF. 


In 1937, shortly after the isolation and 
synthesis of the male hormone, testosterone, 
Moricard and Bize' reported that testoster- 
one acetate accelerated linear growth and 
sexual development in 3 retarded boys. 
Webster and Hoskins? in 1940 described 
similar results from the treatment of 8 sex- 
ually retarded boys with testosterone pro- 
pionate. McCullagh and Rossmiller® in 1941 
introduced the use of the more convenient, 
orally effective methyltestosterone for this 
purpose and described a retarded boy who 
grew 3.1 inches in 10 months of treatment. 
Deamer* in 1948 carefully studied skeletal 
ages of 5 short, sexually retarded boys (2 
with severe hypopituitarism) during treat- 
ment with sublingually administered methyl- 
testosterone. He noted that the skeletal 
maturation advanced more rapidly than nor- 
mal in the initial phases of this treatment. 
Sobel and her co-workers® in 1956 elegantly 
studied the effects of graded doses of methyl- 
testosterone on growth and skeletal matura- 
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tion during and immediately after 6 months 
of treatment. Their studies clearly showed 
that methyltestosterone stimulates both lin- 
ear growth and skeletal maturation and that 
larger doses produced more rapid epiphyseal 
fusion but no greater growth than did 5 
mg. per day. 

It is well known that enormous amounts 
of endogenous androgens such as occur in 
congenital virilizing adrenocortical hyper- 
plasia or adrenocortical tumors are regularly 
associated with premature fusion of the 
epiphyses and eventual stunting of growth. 
The question of whether smaller amounts 
of exogenous androgens would close epiph- 
yses over a long period of time was studied 
by Bayley, Gordan, and Lisser* in a 20-year 
follow-up of 72 short, sexually retarded boys 
who had received methyltestosterone for 
growth and sexual development. During the 
first year of treatment with 5.20 mg. daily, 
the average rate of growth was 3.8 inches 
per year and the average rate of skeletal 
maturation was 1.4 years per chronologic 
year. This degree of skeletal maturation was 
proportionate to the height obtained, and 
the predicted adult height did not fall. Be- 
fore treatment it was 65.9 inches; subse- 
quently, 66.4. Twenty boys who attained 
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adult stature achieved heights 1.1 inches fluoro-17-a 1 p h a-methyltestosterone), have 

greater than were predicted before therapy. been reported to show particular anabolic 

The standard errors for predicted adult efficacy in animal studies.”.* We studied 
height of the treated boys and for the vali- norethandrolone only briefly because of ex- 
dating group of Bayley and Pinneau® were treme acceleration of epiphyseal fusion in 
each 0.12 inches. The authors concluded our first 4 studies (1.9 years of skeletal age 
that methyltestosterone induces an artificial for each chronologic year). Studies with 
spurt of growth and proportionate epiphyseal fluoxymesterone are reported here. 


maturation without reducing adult height. 


An agent capable of accelerating linear METHODS AND SUSIECES 





























growth without speeding epiphyseal fusion Sixteen prepuberal children, short because 
would increase adult height. Two new syn- of familial short stature (11 cases), gonadal 
thetic androgen derivatives, norethandrolone dysgenesis (3 cases), delayed puberty (1 
i (17-alpha-ethyl-19-nortestosterone) and flu- case), or hypopituitarism (1 case), were 
oxymesterone (11-beta-h yd rox y-9-alpha- studied for 6 to 41 months (average 15.9 
Table I. Growth and skeletal maturation of fluoxymesterone-treated children 
; | | | | | | In- |Change 
| creas ; “ 
| | Height in inches SA 4 dicted 
| |_ Treatment | |Growth| In- | adult 
| Mg. | per | crease | height 
Patient| Sex | CA* | SAt | Diagnosis | per day|Months| Initial \Increase| year | CA | (in.) 
M.W. Ft 12.0 9.5 Gonadal 5 23 50.8 9.4 4.9 1.5 +4.3 
dysgenesis 
M. P. FE 16.9 13.0 Gonadal 5 12 52.4 1.4 1.4 0 +1.5 
dysgenesis 
j Fr. W. FT 20.1 12.5 Gonadal 10 12 50.8 4.5 4.5 0.3 +4.3 
dysgenesis 
D. B. F 13.0 11.5 Hypopituitarism 5 53.0 2.5 2.7 1.4 +0.8 
og 14.1 12.5. Delayed puberty 5 12 59.8 2.8 2.8 0.8 +2.5 
H. S. M 13.5 12.3. Familial short 5 58.6 4.8 3.2 0.8 +2.4 
stature 
D. L. M 14.3 13.5 Familial short 5 14 59.5 4.8 4.1 0.6 +2.5 
stature 
R. D. M 15.9 14.3. Familial short 10 20 56.0 3.0 1.8 0.5 +1.0 
stature 
M.K. M_ 128 12.0 Familial short 5 41 55.8 10.8 3.2 1.1 +1.2 
stature 
K.K. M _— 10.0 9.6 Familial short 5 30 51.0 9.5 3.8 1.4 +2.8 
stature 
E. F. M 14.9 12.8 Familial short 5 14 59.0 3.8 3.3 0.6 +0.9 
stature 
Fo. Es M 15.1 14.0 Familial short 15 15 64.0 2.1 1.7 0.4 +1.2 
stature 
B. R. M 9.9 8.0 Familial short 5 6 48.0 2.0 4.0 1.0 +1.2 
stature 
D.W. M 12.3 11.5 Familial short 5 8 51.9 2.0 3.0 0.8 +1.4 
stature 
D. L. M 13.4 12.8 Familial short 5 12 54.5 3.9 3.9 ‘3 0 
stature 
G. F. M 12.8 9.5 Familial short 5 7 1.3 2.1 0.4 +1.0 
stature 
Mean 13.8 11.8 6.3 15.9 54.8 4.3 © 0.87 +1.9 
S. D. $25 20.6 44.2 11.7 +0.3 40.36 = $1.1 





*Chronologic age in years. 
+Skeletal age (Greulich and Pyle) in years. 
tChromatin-negative. 
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Fig. 1. H. S., familial short stature.* 


A 
Chronologic age (years) 13.5 
Skeletal age (years) 12.3 
Height (inches) 58.6 
Prediction (inches 68.9 


*Boy received fluoxymesterone 5 mg. a day for 
months 


Fig. 2. M. W., gonadal dysgenesis.* 
A 
Chronologic age (years) 12.0 
Skeletal age (years) 9.5 
Height (inches) 50.8 
Prediction (inches) 59.3 


*Girl received fluoxymesterone 5 mg. a day for 23 months; grew 9.6 inches while skeletal age advanced 3 
years. Note initial lag in epiphyseal maturation (2B) at time of maximal growth spurt. 


B € 

14.0 14.5 
12.5 13.0 
59.3 61.1 
69.0 69.4 


18 months; grew 4.8 inches while skeletal age 


B 
B C 
12.6 13.9 
9.8 12.5 
54.0 60.4 
62.4 63.6 
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A 
Fig. 3. D. L., familial short stature.* 
A 
Chronologic age (years) 14.3 
Skeletal age (years) 13.5 
Height (inches) 59.5 
Prediction (inches) 66.0 
*Boy received fluoxymesterone 5 mg. a day for 


months. 


months; see Table I). Heights were recorded 
every 3 months and skeletal age was esti- 
mated to the nearest 3 months from a single 
roentgenogram of one hand and wrist® every 
6 months. Each film was interpreted inde- 
pendently by 3 or more observers. Fluoxy- 
mesterone was given usually in a dose of 5 
mg. daily by mouth. Adult height was calcu- 
lated from the tables of Bayley and Pinneau* 
at each semiannual reading of skeletal age. 


RESULTS 


Rate of growth, relative increase of skele- 
tal age, and change of predicted adult height 
are recorded in tne last 3 columns of Table 
I. Absolute skeletal age during treatment 
can be computed easily by multiplying the 
relative increase in skeletal age by elapsed 
time in years and adding this absolute in- 


crease of skeletal age to the initial value . 


(column 4). Before treatment, maturation 


*Reprinted in Greulich and Pyle.® 








Cc 
B Cc 
15.1 15.4 
13.8 14.3 
62.6 64.3 
68.5 68.5 


14 months; grew 4.8 inches while skeletal age advanced 9 


had been subnormal (2 year retarded), as 
shown by the initial skeletal age. In 13 
children, in whom the rate of growth in the 
year before treatment was known, it aver- 
aged 1.9 inches per year. During treatment, 
the rate rose to 3.2 inches per year, similar 
to that of a normal or methyltestosterone- 
indaced puberal growth spurt.® 

Skeletal age advanced an average of 10 
months during each year of treatment. Rep- 
resentative roentgenograms are shown in 
Fig. 1. Unlike the initial spurt of 1.4 years’ 
epiphyseal maturation observed during the 
first year’s treatment with methyltestoster- 
one, skeletal age tended to lag during the 
initial phase of fluoxymesterone administra- 
tion. Short periods of observation suggest, 
therefore, that fluoxymesterone initially re- 
tards skeletal maturation. Fig. 2 illustrates 
such a case. In the first 6 months of treat- 
ment, hardly any maturation was detectable. 
During the second year, skeletal maturation 
advanced more rapidly than normal, but 
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not disproportionally either to the rapid rate 
of growth or to the chronologic age. The 
disproportion between rapid acceleration of 
growth and less rapid skeletal maturation 
resulted in increased predicted adult height. 
Fig. 3 shows a more typical case in a 14- 
year-old boy with the height of an 11l-year- 
old. In 14 months of treatment, he grew 
+.8 inches, while skeletal age progressed 
only 9 months, so that the predicted adult 
height was increased by 2.5 inches. 

The 1.9 inch-average increase in the 
predicted adult height is _ significantly 
(p < 0.001) different from the +0.01- and 
+0.03-inch mean deviation of the errors in 
prediction of adult height found in the 
standardization sample and the validating 
samples, respectively, of Bayley and Pin- 
neau.® Since the change in predicted adult 
height in 15 of 16 children was in the same 
direction (increase), the sign test also shows 
a highly significant difference (p <0.001). 
Treatment did not reduce the calculated 
growth potential of any child. 

Androgenic phenomena consisted of phal- 
lic growth in both sexes; this was neither 
excessive nor bothersome, and evidence of 
stimulation of libido or masturbation could 
not be elicited. Boys reported few or no 
erections, despite evident growth of the 
penis. Only one boy reported seminal emis- 
sions. No gynecomastia was detected. Since 
gynecomastia was observed in only 6 of 
107 boys treated with methyltestosterone,° 
the present number of observations is in- 
sufficient to exclude this potential hazard. 
There was no facial hirsutism, acne, or 
hoarseness in the 4 girls treated with fluoxy- 
mesterone. 


DISCUSSION 


Fluoxymesterone is an unusual compound 
with a thus far unique dissociation of vari- 
ous androgenic end points. While it causes 
phallic growth, it rarely increases libido, and 
it causes little hirsutism and acne. It is 
thus incomplete replacement therapy for 
eunuchoid men. In a double-blind study of 
*© and in another of 
postmenopausal women with advanced breast 


osteoporotic women 
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cancer," it failed to produce the well-being 
typical of treatment with other androgens. 
The present study indicates a quantitative 
dissociation between its anabolic and skele- 
ton-maturing activity. Fluoxymesterone is 
the first androgenic derivative to produce 
linear growth comparable to that obtained 
with other androgens without accelerating 
epiphyseal fusion. 

The use of the Bayley-Pinneau study 
group as controls for our treated children 
seems justified because of the identical geo- 
graphic location, comparison with similarly 
retarded untreated children of the same sex, 
and identical objective criteria for evalua- 
tion. Under these conditions, the average 
adult heights of a group of 16 children 
can be predicted at age 10 or more with a 
standard error of approximately 0.28 inch. 
At the 95 per cent confidence level, fiducial 
limits for the increased height prediction of 
the treated children are 1.3 to 2.5 inches, 
which are far above and completely sep- 
arated from the observed values for the 
untreated group of Bayley and Pinneau. 

Since fluoxymesterone is a_ 17-alpha- 
alkylated steroid, the question of potential 
hepatic toxicity must be considered. No 
studies of liver function were made in the 
children receiving 5 to 15 mg. doses of 
fluoxymesterone. Twenty mg. a day given to 
8 adults caused an average rise in sulfo- 
bromophthalein (BSP) retention of 5.8 + 4.6 
per cent (mean + standard deviation). Four 
of the 8 were considered to have abnormal 
sulfobromophthalein retention. The steroid 
did not affect serum bilirubin, either direct 
or indirect, thymol turbidity, zinc turbidity, 
cephalin flocculation, serum proteins, alka- 
line phosphatase, or serum transcarbamylase 
concentrations.'* Jaundice has not been re- 
ported from fluoxymesterone treatment, but 
has occurred rarely during administration 
of methyltestosterone and norethandrolone, 
and oftener from 17-alpha-methyl-19-nor- 
testosterone. 


SUMMARY 


1. Fluoxymesterone, usually 5 mg. daily, 
was given by mouth for 6 to 41 months to 
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12 boys and 4 girls with short stature and 
retarded skeletal age from various causes. 


2. During treatment the average growth 
rate was 3.2 inches per year, while skeletal 
age advanced an average of 0.83 year per 
chronologic year. Phallic enlargement in 
both sexes was the only androgenic effect 
observed. 

3. Prognosis for adult height increased 
an average of 1.9 inches during treatment. 


CONCLUSION 


Fluoxymesterone stimulates linear growth 
to a degree quantitatively similar to that 
produced by other androgens. Unlike other 
androgens, it does not accelerate epiphyseal 
fusion; in fact, in 6 of 16 patients skeletal 
maturation significantly lagged with relation 
to elapsed time and to rate of growth. The 
combination of growth production and rela- 
tively slow skeletal maturation increases the 
adult height predicted. 


We wish to express our appreciation to Dr. 
Nancy Bayley, who reviewed the interpretation 
of skeletal age; to Dr. Calvin Zippin, for help 
with the statistics; to Dr. Eugene Eisenberg, for 
data on 2 of his patients; and to Dr. Harold 
Upjohn, who generously contributed the fluoxy- 
mesterone used in this study. 
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TuHoucGcu the last years have brought a 
considerable increase in our knowledge of 
bilirubin metabolism, the exact mechanisms 
which cause the icterus of the newborn in- 
fant are still controversial. Investigations un- 
dertaken after the discovery of Billing, Cole, 
and Lathe,’ Schmid,? and Talafant* that 
bilirubin is excreted as a glucuronide have 
shown that the excretory capacity of the 
liver for bilirubin is diminished in the new- 
born period because of an insufficiency of 
liver glucuronyl transferase** and_ possibly 
also of the glucuronic acid donor, UDPGA 
(uridyl-diphosphate-glucuronic acid) .* 

No such unanimity exists with regard to 
the rate of bile pigment production after 
birth, which depends chiefly on destruction 
of erythrocytes and the role it plays in the 
genesis of neonatal jaundice. Until a few 
years ago it was widely accepted that the 
improvement in oxygen saturation seen after 
birth as compared with the low oxygen 
content of cord blood at delivery would 
bring about a rapid destruction of superflu- 


9-10 


ous red cells. This increased breakdown 
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would lead to the accumulation of bile 
pigment in the serum and hence to neonatal 
jaundice.'**'* 

Newer studies have raised some doubts 
about this concept. However, because of the 
difficulty of getting accurate information on 
the rate of red cell destruction either by 
recording hemoglobin concentration and 
number of reticulocytes simultaneously or by 
measuring the excretion of bile pigments in 
the stool and urine, the question remained 
open. 

It seemed to us that by direct measure- 
ment of red cell survival it would be possible 
to eliminate some of the difficulties encoun- 
tered in the above-mentioned methods of 
estimation of red cell destruction. The pres- 
ent study was undertaken to find out if there 
is a relationship between the rate of erythro- 
cyte destruction and the bilirubin level in the 
serum after birth. We are aware that half- 
life measured by tagging cells with chro- 
mium®*! might not give a true survival time 
in the newborn period. However, for com- 
parative measurements of red cell survival, 
as in this study, it is very suitable. An ad- 
vantage of the method is that autologous 
transfusion is possible, so that incompati- 
bility reactions can be excluded. 
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METHODS 


Four cubic centimeters of blood was ob- 
tained from 33 premature infants (weights 
from 1,280 grams to 2,48U grams) and 6 full- 
term newborn ones (weights between 2,570 
grams and 4,000 grams) either by umbilical 
vein catheter or by vein puncture. Labeling 


51 


with chromium"! was done by standard meth- 


ods.!* 35 


The average activity used for tag- 
ging was 3 uc per kilogram of body weight. 
After incubation the labeled erythrocytes 
were injected intravenously to the same in- 
fant from whom they were originally taken 
(autologous transfusion). The radioactivity 
of a sample taken 24 hours after marking 
was regarded as 100 per cent. Further meas- 
urements were made twice a week and con- 
tinued until activity had fallen below 30 to 
10 per cent. The necessary amount of blood 
(0.1 c.c.) was obtained by heel puncture. 
Counting was done in a scintillation counter 
with the use of a well-type crystal. 

Bilirubin concentration in the serum was 
estimated by a micromodification of the 
method reported by Jendrassik and Gréf.'® 
As a rule, measurement of bilirubin levels 
were done daily during the first days of life, 
later on at greater intervals. 
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The red cells of 5 infants were labeled on 
the day of birth, of 8 on the second, of 9 on 
the third, of 10 on the fourth, and of 7 be- 
tween the fifth and the thirteenth day of life. 


RESULTS 


Table I shows the erythrocyte half-life for 
the individual infants grouped according to 
the day of life on which the experiment was 
started. As can be seen, the spread of values 
is biggest on the third and fourth day after 
birth, ranging from 14.5 to 36 days. Six 
values are clearly within the range found in 
adults (26 to 35 days). The red cell survival 
of infants tagged on the first and second day 
and again between the fifth and the thir- 
teenth day of life does not show such a large 
variability (range 15 to 27 days). With two 
exceptions the half-lives in this group of in- 
fants are shorter than in adults. We cannot 
explain this difference at present. With the 
use of the t-test of Fisher’’ the mean of 
values for the third and fourth days (24.1 
days) was compared with that of values for 
the first, second, and fifth to thirteenth days 
(20.3). 

There was no significant difference between 
these 2 results: P was between 0.1 and 0.05. 


full term infants o 
premature infants @ 


73 9 ON 2 13 4 1 6 17 128 19 2 21 22 2 24 2 26 27 
MAXIMUM SERUM BILIRUBIN MG & 


Fig. 1. Relationship between red cell half-life and maximum bilirubin con- 
centration in the serum. For each individual the half-life of the red cell 
in days is plotted against serum bilirubin concentration in milligrams 


per cent. 
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Table I. Half-life of chromium™-labeled erythrocytes grouped according to the 


day of life on which the red cells were marked 





Day of life on which 


Premature injanis 


Full-term 
newborn 
infants 

















red cells were tagged | 1 2 3 4 | 5 to 13 | 2 to 13 
Half-life of Cr®!-tagged red 
cells in days 24 27 36 35 23 31 
24 26 33 29 22 28.5 
19 21 26 26.5 21 24 
15 21 21.5 23 20 23 
15 19 21 22 18.5 19.5 
15.5 20 21 15 19 
18 20 
14.5 20 
Average 19.4 21.6 23.7 24.6 19.1 24.1 





In the few full-term infants we also en- 
countered rather wide variations in the ap- 
parert half-times of the individual chro- 
mium*'-survival experiments (19 to 31 
days). Two of the 6 measurements are in 
the adult range. 

In Fig. 1 the red cell half-life in days is 
plotted against the maximum bilirubin con- 
centration in the serum determined in the 
individual infants. If hemolysis of red cells 
after birth is a major factor in the production 
of neonatal jaundice, one would expect to find 
higher bilirubin levels in the individuals with 
shorter survival times. No such relationship 
is evident. In fact, we observe a big varia- 
tion of chromium" half-times in individuals 
with identical or similar bilirubin levels. 
Statistical analysis confirms this impression. 
The correlation coefficient r is —0.196 and 
P > 0.1. From this then, no significant rela- 
tion between bilirubin levels and the rate of 
erythrocyte destruction could be established. 

In Fig. 2, the duration of hyperbilirubin- 
emia, i.e., the time during which the bili- 
rubin level in the serum was above 2 mg. 
per cent, is compared with the half-life of 
the chromium''-tagged red cells. The value 
of 2 mg. per cent serum bilirubin was chosen 
because in most infants the bile pigment 
concentration was not followed any longer 
when it had fallen below that mark. As in 
Fig. 1, the survival times vary greatly for 
individuals with a similar duration of ele- 
vated bilirubin levels. There is no specific 


trend evident in the sense that hyperbili- 
rubinemia of long duration was paired with 
short erythrocyte survival. The correlation 
coefficient r in this case is — 0.255. So there 
is no indication of an interrelation of the 
duration of hyperbilirubinemia and half-life 
of erythrocytes in the newborn period. P is 
> 0.1. 

We also tested whether both variables, 
duration and level of hyperbilirubinemia, 
were dependent on erythrocyte destruction. 
However, if one multiplies the peak bili- 
rubin level and duration of jaundice (di- 
vided by 2) and compares this “area” of 
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Fig. 2. Relationship between red cell half-life and 
duration of hyperbilirubinemia. For each infant 
the half-life of the red cells in days is plotted 
against the time during which the bilirubin level 
in the serum was elevated. 
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hyperbilirubinemia with the red cell half-life 
in each case, no significant relation results. 
The correlation coefficient r is — 0.314 and 
P > 0.05, a value which is statistically not 
significant. 


DISCUSSION 


The present study confirms the finding of 
Hollingsworth,’* Gilardi and Méiescher,’® 
and Foconi and Sjélin*® that the apparent 
half-life of red cells tagged with chromium* 
is shorter in the newborn period than in 
adults. In addition it is shorter in premature 
infants than in full-term newborn infants. 
With an average half-life of 22.1 days in 
premature and 24.1 days in full-term infants 
our values are a little above those reported 
by Hollingsworth** and Foconi and Sjélin,”° 
who, using heterotransfusion in adults, found 
a mean of 16 days in the former and 22.8 
days in the latter group. There is also a 
difference from the values given by Kaplan.*" 
He found a normal half-life (25 to 35 days) 
for 5 infants whose red cells were labeled 
during the first week of life but shortened 
survival in most infants aged 3 to 9 weeks, 
and in some aged 10 to 16 weeks.* 

The finding that the half-life of chro- 
mium*'-labeled red cells in most newborn 
infants is shortened as compared with that 
of adults does not necessarily prove that 
there is increased red cell breakdown in the 
newborn period. It is possible that the elu- 
tion of chromium"! from red cells, which in 
adults amounts to about | per cent per day, 
proceeds at a more rapid rate in infants. 
Suderman, White, and Israels** found a 
more rapid elution from cord hemoglobin 
than from adult hemoglobin solution. This 
was confirmed by Erlandson and colleagues.** 
But these authors, as well as Kaplan*’ re- 
ported that, in vitro, the rate of chromium*' 
elution from intact erythrocytes in newborn 
infants was the same as in adults. This is in 
contrast to results by Foconi and Sjélin,*° 
who found an elution of 2.2 per cent per 

*After this paper was submitted Dr. Kaplan has published 
a detailed report of his observations. (Kaplan, E., and Hsu, 
K. S.: Determination of Erythrocyte Survival in Newborn 


Infants by Means of Cr*'-Labelled Erythrocytes, Pediatrics 
27: 354, 1961.) 
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day for placental red cells of premature in- 
fants and 2.6 per cent for full-term ones as 
compared to 1 per cent with adult cells. The 
question of the rate of chromium" elution 
from fetal red cells, therefore, remains open. 

There are some results, however, which 
make it likely that the survival of fetal 
erythrocytes is somewhat shorter than of 
adults or older children. Studies making use 
of the method of differential agglutination**-*° 
have shown that, at least in premature in- 
fants, fetal red cells have a shorter life span. 
The existence of a difference between the 
survival time of erythrocytes from premature 
and full-term infants, which is borne out by 
both chromium®*' labeling and differential 
agglutination, also supports the notion of a 
shortened survival of fetal red cells. From 
the data published we may assume that the 
life span of erythrocytes is about 70 to 90 
days in premature infants and somewhat 
longer in full-term newborn ones. 

How then would this increased erythrocyte 
turnover influence the genesis of neonatal 
jaundice? Billing, Cole, and Lathe*’ have 
estimated that the excretory capacity of the 
liver in the newborn period is only about |! 
per cent of that in adult life. Our own 
studies,® with the use of the percentage ex- 
cretion of N-acetyl-p-aminophenol as an in- 
dex of the conjugating capacity of the liver, 
have given an average of about 10 per cent 
in premature infants and 20 per cent in full- 
term newborn infants of the percentage 
found in adults. Often, in individual cases in 
the first days of life, the excretion was much 
less. Compared with such a degree of glu- 
curonyl transferase insufficiency of the liver, 
it seems improbable that a slight increase in 
erythrocyte destruction by one fourth to one 
fifth should make a noticeable contribution 
to the accumulation of bile pigment in the 
serum after birth. 

In confirmation of this conclusion, most 
newer studies trying to elucidate a relation- 
ship between the decrease in the number of 
erythrocytes or the hemoglobin concentra- 
tion and the level of serum bilirubin after 
birth have given entirely negative re- 
sults.2* ?* 2° In addition they have shown 
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that ‘the biggest fall in hemoglobin concen- 
tration takes place in the second or third 
week of life, at a time when the bilirubin 
concentration in the serum has already de- 
creased. In the first days after birth hemo- 
globin concentration and red cell number 
even show a slight increase over the values 
in cord blood.*® The decline in erythrocyte 
number and hemoglobin concentration after 
the first week of life can readily be explained 
by a fall in red cell production, reflected by 
a decrease in the number of reticulocytes in 
the periphery**** and of normoblasts in the 
bone marrow.** ** 

The data presented corroborate and ex- 
tend these findings, inasmuch as no relation 
between erythrocyte survival on the one 
hand and peak bilirubin level in the serum, 
duration of hyperbilirubinemia, or the prod- 
uct of these variables on the other hand 
could be established. From these data we 
may assume that physiologic differences in 
the normal rate of destruction of red cells do 
not play an important role in the genesis 
of neonatal jaundice. It is understood that 
this statement does not apply to cases of 
blood group incompatibility where the pre- 
cipitous hemolysis of course greatly con- 
tributes to the accumulation of bile pigment 
in the serum. 


SUMMARY 


The present study was undertaken to de- 
termine whether increased hemolysis after 
birth is a factor in the genesis of physiologic 
icterus neonatorum. Erythrocyte destruction 
was followed in 33 premature and 6 full- 
term infants after autologous transfusion of 
red cells labeled with chromium*'. Simul- 
taneously, the course and duration of ele- 
vated serum bilirubin levels were recorded. 
The half-life of tagged erythrocytes varied 
between 14.5 and 36 days in the premature 
infants (average 22 days) and between 19 
and 31 (average 24 days) in the full-term 
newborn infants. If increased hemolysis were 
responsible for neonatal jaundice, one would 
expect that infants with a short red cell sur- 
vival would show a higher bilirubin concen- 
tration or a hyperbilirubinemia of longer 
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duration than infants with a lower rate of 
erythrocyte destruction. No such relation was 
evident in this study. 
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In 1950 Fashena and Martin' described 
a 7-month-old Negro infant with dehydration, 
opisthotonos, metabolic alkalosis, hypo- 
chloremia, hypokalemia, and hyponatremia. 
The loss of chloride in the urine was remark- 
able: the disturbance was attributed to a 
congenital dysfunction of the mechanisms 
concerned with renal tubular reabsorption of 
chlorides. 

Borst and Smith in 1958 described a 14- 
year-old girl with chronic hypokalemia and 
tetany. The tetany did not respond to the 
administration of potassium, nor did the 
serum potassium concentration rise or the 
metabolic alkalosis disappear. The tetany re- 


? 


curred at intermittent periods over 3 years. 
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Attacks of carpopedal spasm were noted with 
increased electrical excitability of the muscle, 
but generalized convulsions were not re- 
corded. No muscular paresis was present. A 
fall in the serum calcium concentration dur- 
ing episodes of tetany was not found. In- 
creased excretion of ‘urinary potassium in the 
presence of hypokalemia was demonstrated, 
and increased intakes of potassium were, in 
the main, wasted by urinary loss. The con- 
centration of the urine after fluid restriction 
was adequate. The administration of di- 
hydrotachysterol suppressed the symptoms of 
tetany and caused an increase in the urinary 
excretion of calcium, which was low at other 
times. 

In 1958, Slater and colleagues* also de- 
scribed a patient with hypopotassemia and 
metabolic alkalosis. No excretion of cortico- 
steroids (including aldosterone) was de- 
tected, but renal tubular degeneration was 
observed. Occasional lowering of plasma 
sodium was also observed, together with an 
inability to correct the situation by potassium 
loads, although a mixture of sodium and 
potassium chloride seemed beneficial. 
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This communication presents a case closely 
resembling the one reported by Borst and 
Smith? and possibly similar to the ones de- 
scribed by Slater and associates* and by 
Fashena and Martin.’ In our patient, how- 
ever, a disturbance in lipid metabolism has 
also been found which may be coincidental 
or may constitute the basis of the entire 
metabolic derangement. 


METHODS 


Electrolyte analyses of plasma, muscle, 
sweat, and urine were done according to 
methods previously described in detail." * 
Methods for determinations of corticosteroids 
in urine were the same as described previ- 
ously.” Serum chloride determinations were 
carried out with the Cotlove® chloridometer 
and those for serum magnesium by the 
method of Kovacs and Tarnoky.’ Urine 
osmolarity was measured by an Aminco- 
Bowman Freezing Point Depression appa- 
ratus. Total body water was determined by 
the method of Soberman and co-workers* 
and the corrected bromide space (index of 
extracellular volume) was measured and 
calculated according to previous work,’ al- 
lowing for a 10 per cent loss of bromide from 
true extracellular volume.’® Urinary excretion 
of ammonia was measured by the method of 
Conway,'' as was the blood urea. For the 
determination of the major lipid fractions, the 
plasma was frozen dried; the lipids were ex- 
tracted by the procedure of Collins’? and 
the unsaponifiable material and total cho- 
lesterol were determined by the method of 
Cook and Rattray.'* The lipid phosphorus 
was estimated by the method of Michelson™ 
as modified by Collins,’* and fatty esters 
were determined by the procedure of Stern 
and Shapiro.'® For the measurement of free 
fatty acid the method of Dole'® was used. 

CASE REPORT 

Patient A. S., a 10-year-old Greek girl 139 
centimeters in height (fiftieth percentile ) 
and 30.4 kilograms’ weight (fiftieth per- 
centile) in October, 1959, had a history over 
the previous two years of periodic tetany and 


of being somewhat irritable from the age of 
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6 months. There was no history of excessive 
ingestion of fats or oil. Detailed physical ex- 
amination revealed no abnormality. The 
tetany was precipitated by intercurrent illness 
such as vomiting or diarrhea. Cramps in the 
hands and feet were associated with abdomi- 
nal pains, typical carpopedal spasms, and 
positive Trousseau’s and Chvostek’s signs. 
Symptoms were relieved by the infusion of 
calcium gluconate, although the serum 
calcium concentration was never low, and 
on one occasion the level was 13 mg. per 
cent. Hypokalemia (3.0 to 1.9 mEq. per 
liter) was present at all times with a high 
bicarbonate content (29 to 38 mEq. per 
liter) ; the serum pH was on the alkaline side 
but was never greater than 7.45. Serum 
sodium concentration varied from normal to 
low values (144 to 129 mEq. per liter) 
while serum chloride concentrations ranged 
from 97 to 84 mEq. per liter. Serum calcium 
concentrations were 10.2, 13.0, 11.4, 10.2, 
and 10.2 mg. per cent on 5 different oc- 
casions, and alkaline phosphatase was 15 
King-Armstrong units. The serum phosphate 
was 2.9 mEq. per liter. The serum mag- 
nesium was 2.4 mg. per cent. The blood 
pressure was normal (110/70). 
Investigative methods: normal data. The 
patient was admitted to the hospital for 
further investigation. The following data 
were within normal limits: hematologic 
morphology; hemoglobin; thymol turbidity 
(2 units); total bilirubin (less than 0.5 mg. 
per cent); x-ray of long bones, spine, and 
pelvis; intravenous pyelography; microscopy 
and bacterial culture of urine, urinalysis for 
protein and reducing substances; fasting 
blood sugar (83 mg. per cent); glomerular 
filtration rate (135 ml. per minute per 1.73 
M.*); urinary ammonia excretion was 15.2 
Eq per minute and rose to 38.9 »Eq per 
minute after 4 Gm. of ammonium chloride. 
Similarly urinary pH fell from 6.85-7.10 to 
5.95-6.40 after administration of ammonium 
chloride, while titratable acidity rose from 
1.39 »Eq per minute to 21.1 per minute, 
during this test. The blood urea on 3 oc- 
casions was 25, 35, and 27 mg. per cent, 
respectively; renal biopsy was obtained under 
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general anesthesia; the structure of the 
nephrons was normal. The concentration of 
electrolyte in sweat was found to be sodium 
32.7 mEq. per liter; potassium 9.6 mEq. per 
liter, and chloride 22.7 mEq. per liter. The 
excretion of 17 ketosteroids was 2.1 mg. 
per 24 hours and of 17 hydroxycorticoids, 
8.8 mg. per 24 hours. Extraction of the urine 
by double chromatographic separation with 
subsequent fluoroscopy did not reveal ex- 
cessive excretion of aldosterone. 

Investigative methods: abnormal data. 
After fluid deprivation for 14 hours the pa- 
tient could not concentrate urine above 360 
mOsm. per liter. At the conclusion of these 
investigations the value was found to be 580 
mOsm. per liter. In June, 1960, she was 
placed on a standard diet of known potas- 
sium content for a 5-day period. The 
potassium content of the diet was 100 mEq.; 
all of the diet was consumed each day. The 
weight at this time was 35.0 kilograms. 
Mean daily urinary excretions were: sodium 
72 mEq.; chloride 99 mEq., and potassium 
82 mEq., while urine volume averaged 1,334 
ml. One hundred milliequivalents of potas- 
sium chloride was then added to the diet for 
a further 6 days. This joad resulted in one 
fluid stool each day. The average urinary 
excretion per day was then sodium 77 mEq., 
chloride 186 mEq., and potassium 155 mEq,., 
and urine volume was 1,440 ml. per day. 
Following discontinuance of potassium load- 
ing and during the subsequent 4 days the 
sodium excretion fell to 59 mEq. per day, 
while the potassium and chloride were 76 
and 73 mEq. per day, respectively. 

The serum electrolyte concentrations, the 
corrected bromide space, and total body 
chloride are recorded in Table I. The lower- 
ing of potassium and chloride concentrations 
and elevations of bicarbonate are apparent. 
The corrected bromide space of 7,200 ml. 
was lower than expected; the value for a 
normal 35-kilogram child is 8,350 ml. + 90 
ml.'° The total chloride per kilogram of 
body weight was definitely low. A value of 
33.3 mEq. per kilogram for total chloride 
has been found in children from 6 to 16 


years of age, with a range of 30 to 36 
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mEq.’ '* Administration of 100 mEq. of 
potassium chloride reduced the sodium con- 
centration to below the normal range, and 
urinary excretion of it increased slightly; 
the serum chloride concentration fell, as did 
the total body chloride and the corrected 
bromide space. The decrease in total body 
chloride by a further 8 mEq. per kilogram 
may in part be accounted for by the loss of 
chloride in the stool. No correction of the 
hypokalemia occurred, and most of the ad- 
ministered potassium appeared in the urine. 

After one month on a diet rich in sodium, 
potassium, and chloride, the patient gained 
2 kilograms in weight and, shortly prior to 
muscle biopsy and electrolyte analysis, the 
third set of data in Table I were obtained. 
The serum pH was 7.45, and the hypo- 
kalemia was significant. The corrected 
bromide space (index of extracellular 
volume) was 20.8 per cent of body weight, 
which is slightly low for a child of 11 years; 
values of 26 per cent have been obtained 
in other studies.'* Total body water (22.46 
liters) was within normal limits. 

The corrected bromide space made up 
only 34 per cent of total body water, in 
contrast to an expected 41 per cent.'® Thus 
an increase in cellular water was suspected. 
Total chloride was significantly low as be- 
fore. 

The data obtained from muscle biopsy are 
shown in Table II. The cellular potassium 
was not as low as had been expected (14 per 
cent loss), and sodium content of the muscle 
was 22.5 per cent below that expected. 
Extracellular chloride was also reduced. 
Calculating on the basis of an extracellular 
position for chloride, a deficit of intracellular 
sodium was also apparent (33 per cent). The 
data showed that extracellular water con- 
stituted only 29 per cent of total water, in 
contrast to 40 per cent in normal muscle. A 
relative increase in cellular water was again 
demonstrated. Whereas, in normal muscle,"” 
intracellular concentrations of potassium and 
sodium are 161 and 20 mEq. per liter, re- 
spectively, this patient had values of 145 and 
14.5 mEq. per liter, respectively. The sum 
of the cation concentrations (Na + K) in 
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Table I 
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Serum concentration (mEq./L.) 


Volumes 








Body | | | | | Corrected | 
weight bromide | Eas % TW as 
(Kg.) Remarks | Na | K | Cl | CO pH | space* | Wt.t Cli/Kg.t | % Wt. 
35 Normal diet 139 2.9 96 33 7.43 7,200 20.6 24.9 
35 KCl added 131 2.70 90 29 7.40 6.650 19.0 16.7 
37 One month 
later, nor- 
mal diet 135 2.8 95 29 7.45 7,700 20.8 24.8 60.7 








*The normal corrected bromide space and total body chloride for an Il-year-old child are 26 % body weight and 33 


mEq./Kg. respectively. 
tEas % Wt. 
Ch total chloride in mEq. per kilogram. 
STW as & Wt. 


corrected bromide space as % body weight. 


total body water as % body weight. 


Table II. Muscle biopsy* (ml. or mEq. per 100 Gm. of fat-free dry solid) 








H:O | Na | Cl | Cl space | Eas % TW| (Na)it 
9 years (control) 340 20.0 36.0 13.0 116.0 40 4.6 
11 years (Patient A. S.) 303 15.5 31.2 9.91 88.5 29 3.1 





*When serum concentrations for the patient were Na 139, K 1.9, Cl 98.5, mEq./I. 


+(Na) i = intracellular sodium content. 


normal muscle cell water’® is 181 mEq. per 
liter. Some of the potassium is bound or is 
nonactive osmotically. In the present patient 
cation concentrations 
equaled 160 mEq. per liter. This could sug- 


gest that some hypotonicity in the muscle 


the sum of these 


cell existed. However, the concentration of 
cation in the cell was still great enough to 
concentrations of 


balance __ extracellular 


sodium and potassium and to preserve 


osmotic equilibrium—if we assume that very 
little potassium was bound or nonosmotically 
active in the cell. 

It was impossible on repeated occasions 
to measure total body water with antipyrine 
because of an unknown substance which was 
responsible for falsely high readings at 350 
my on the spectrophotometer; the obscuring 
factor could be removed by shaking the 
plasma with diethyl ether. The same diffi- 
culty arises when antipyrine is used to 
measure total body water in nephrotic pa- 
tients. This finding led to an examination 
of the major lipid fractions in the plasma of 
the patient following 12 hours of fasting. 
These investigations are recorded in Table 
III. Total lipids were high, and the total © 
cholesterol and phospholipid concentrations 
were at the upper limits of normal. The 


titration of the plasma for free fatty acid 2 
hours after ingestion of glucose revealed that 
this fraction was also increased; the plasma 
value after fasting was 4,000 »Eq per liter. 
Total fatty acids (esterified plus nonesteri- 
fied ) 


III) it can be calculated that the concentra- 


were high. From these data (Table 


tions of triglycerides were increased (at least 
332 mg. per cent). 

The estimation of heparin-induced clear- 
ing activity was normal in both slow-spun 
(platelet-rich) plasma and fast-spun (plate- 
let-poor) plasma. The rate of clearing ex- 
pressed as a regression coefficient was 2.1* 
for slow-spun (normal 0.7) and 2.7 for fast- 
spun (normal 1.5). 

Detailed investigations of phospholipid, 
lipoprotein, esterified fatty acid concentra- 
tions, and fractionation of the serum proteins 
were undertaken at the Commonwealth 
Serum Laboratories of Australia, and these 
results form the subject of a separate re- 
port.*° It became apparent from this sub- 
sequent work and from examination of the 
mother’s plasma that the defect in lipid 
However, the 


metabolism was familial. 


mother showed no disturbance of electrolyte 


*The figures represent optical density divided by time. 
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Table Il 
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Plasma lipids (mg. %) (fasting state)* 
Total lipid (3 analyses on 3 occasions) 
Total cholesteroi (3 occasions) 
Phospholipids 
Total fatty acids 
Free fatty acids 
Free fatty acids 2 hours after glucose 


Calculated values 


Triglycerides 


Total unsaponifiable material excluding cholesterol 


1,080 to 908 (normal upper limit 400) 
240 to 280 ~=(high normal) 
223 (normal range 110 to 220) 
373 (normal range 295 to 340) 
4,000 wEq/L. (usual range 300 to 500) 
1,235 wEq/L. 


at least 332 (normal 24 to 260) 


119 (high ) 





*The sum of the phospholipids and the esterified cholesterol when subtracted from the total lipids gives an index of the 
triglyceride concentration. The calculated value is at least 332 (which is already high) and the true value is probably much 
higher. The unsaponifiable material does not include cholesterol and represents mainly steroid precursors. 


concentrations in her plasma. Her free fatty 
acid concentration as measured in our labo- 
ratory was 580 »Eq per liter 2 hours after 
injection of glucose. 


DISCUSSION 


Investigation of the electrolyte metabolism 
in this Greek girl who had tetany inter- 
mittently disclosed several points for con- 
sideration. Deficits of muscle chloride, 
sodium, and potassium, and a low extra- 
cellular volume were demonstrated. Loss of 
total body chloride was shown also by 
measurement of bromide distribution. A 
trend toward increase in cellular hydration 
was revealed. These changes occurred in the 
presence of a high bicarbonate and some 
degree of metabolic alkalosis. Loading with 
potassium chloride exacerbated the chloride 
loss and slightly increased the urinary ex- 
cretion of sodium; serum sodium concentra- 
tion fell to a low level of 131 mEq. per liter 
and the corrected bromide space as the 
index of extracellular volume was further 
diminished. 

In view of the finding that there was only 
a 14 per cent loss of muscle cell potassium 
when the serum potassium concentration 
was as low as 1.9 mEq. per liter, attention 
was directed to the regulation of serum 
potassium concentration. Likewise, — the 
question of factors influencing the transport 
of ions across the cell membrane became 
relevant. It has been realized for some years 
that when progressive depletion of potassium 


occurs in the human, considerable total body 


deficits may exist before the serum potassium 
concentration falls.*' It would seem that 
while potassium was lost through the kidney, 
it was not possible for this girl to adjust the 
gradient or equilibrium between her cellular 
and extracellular potassium concentrations. 
The problem with respect to sodium was 
also puzzling. Here a high bicarbonate level 
was present, yet cell sodium was reduced at 
the time of biopsy, rather than increased, as 
might be expected.** In fully developed met- 
abolic alkalosis, potassium lost from the cell 
is replaced by sodium and hydrogen ion.** 
In potassium deficiency with sodium restric- 
tion,** one expects a slightly increased cellu- 
lar sodium content, rather than a low value. 
Since the calculation of intracellular sodium 
content depends on 4 estimations, the prob- 
ability of error is relatively high. Assuming 
the data to be correct, the question of why 
the cellular sodium content decreased when 
the patient was on a normal diet containing 
sodium, potassium, and chloride, requires 
answering. 

This patient had a disturbance in lipid 
metabolism and a hyperlipemia mainly due 
to elevation of fatty acids and triglycerides 
in the plasma. The mother also had a 
disturbance in lipid metabolism (total lipid 
concentration in plasma was 990 mg. per 
cent) as described by Turner and Cheek.*" 

Buerger and Gruetz**® and later Holt, 
Aylword, and Timbres** described idiopathic 
familial lipemia. Holt** considered that 
hyperlipemia in general could be due to ex- 


cessive intake (alimentary lipemia), to de- 
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fective removal from the blood (retention 
lipemia), to defective utilization after re- 
moval from the blood (obstructive lipemia), 
or to abnormal mobilization of depot fat 
(transport lipemia). Patient A. S. had no ex- 
cessive dietary intake of fat nor was there 
enlargement of the liver and spleen as is 
usually the case in idiopathic familial hyper- 
lipemia, which also occurs in the obstructive 
type with failure of utilization of fat. Liver 
function tests were normal. The patient also 
had normal lipoprotein lipase activity, which 
supports the conclusion that no defective re- 
moval from the blood was present (retention 
lipemia). By exclusion the evidence points 
to an abnormal mobilization from body 
depots or transport lipemia. 

Several factors are known which will cause 
specific mobilization of depot fat. Epineph- 
rine, and particularly norepinephrine,** *° 
cause lipolysis of depot fat and an increase 
in free fatty acids and phospholipids in the 
plasma. There is also a specific lipid mobi- 


lizer, probably a polypeptide, which is se-° 


creted by the posterior pituitary gland.*° 
Corticosterone, cortisol, and desoxycorticos- 
terone increase the net release of free fatty 
acids from adipose tissue.*' The factors 
causing increased mobilization of depot fat 
in this patient are unknown. 

It is clear that there are two separate 
disturbances in the patient described here. 
First, there is a defect in electrolyte metabo- 
lism, a reduction in cellular sodium when 
one would expect the reverse, in view of the 
decreased cellular and extracellular potas- 
sium concentrations. A defect in the sodium 
transport mechanism is suspected. Second, 
there is a defect in lipid metabolism which 
is possibly of the transport lipemia type with 
increased total fatty acid concentration. 

If these two metabolic defects are related, 
it is necessary to postulate that esterified 
fatty acid concentrations or free fatty acids 
can influence electrolyte transport or the 
“sodium pump” of the cell. There is no direct 
evidence that this is so. Hokin and Hokin* 


believe that phosphatidic acid is formed by - 


diglyceride kinase from diglyceride and 


adenosine triphosphate at the inner surface of 


Patient with hyperlipemia, hypokalemia, and tetany 205 





the cell membrane. This phosphatidic acid is 
thought to play an important role in the 
sodium transport of the salt gland of the 
albatross. To explore the possibility further, 
Cheek, Malinek, and Holt** gave 100 young 
rats, which fasted for 20 hours, 1.0 ml. or 0.5 
ml. of various natural oils, fatty acids, and 
triglyceride, and then analyzed their muscle 
tissue, obtained 3 to 4 hours later, for its 
electrolytic content. Groups of rats receiving 
paraffin, glycerol, or nothing at all by 
stomach tube served as controls. 

There is no doubt that 1 ml. of coconut 
oil (80 per cent short-chain saturated fatty 
acids) will remove 50 per cent of the sodium 
content from the cells (p < 0.001) of rat 
muscle. We are, therefore, inclined to the 
view that the two biochemical defects in 
this patient may be related, and that the type 
of triglycerides predominating in the extra- 
cellular fluid may be the important factor 
determining whether lipemia will disturb 
the transport of electrolytes. 

We have no explanation for the oc- 
casional rise of the serum calcium con- 
centration in our patient. Borst and Smith 
also noted an occasional increase in their 
patient. The nonsaponifiable material which 
was elevated in the plasma _ contains 
the vitamin D fraction and other presteroids. 
Perhaps the explanation lies in that direction 
with respect to calcium metabolism. High 
cholesterol levels have been reported in 


* In Borst and 


idiopathic hypercalcemia.* 
Smith’s* patient little calcium appeared in 
the urine until dihydrotachysterol was given. 
The occurrence of tetany with high plasma 
lipid and fatty acid concentrations and hypo- 
kalemia should characterize the present dis- 
ease. It would be interesting to know if other 
patients with so-called “idiopathic familial 
lipemia”**: “’ fall into this group; perhaps 
the disturbance in electrolyte metabolism 
has previously been missed. The evidence at 
hand indicates that the mother also had a 
disturbance in lipid metabolism, but without 
a disturbance in electrolyte metabolism. 
Confusion could occur between this dis- 
ease and primary aldosteronism if the under- 
lying defect in lipid metabolism were over- 
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, 
looked. There was no elevation of blood 
pressure in our patient which occurs in 
primary aldosteronism,** and an assay of the 
urine for aldosterone showed no_ gross 


elevation. 
SUMMARY 


1. The case of an 11-year-old girl with a 
2-year history of bouts of tetany occasioned 


by intercurrent illness is presented. 


2. She was found to have hyperlipemia, 
hypochloremia, and hypokalemia, with a 
trend toward metabolic alkalosis. There 
were deficits of muscle chloride, sodium, 
and potassium and a slight reduction in 
extracellular volume. The deficit in muscle 
cell sodium was unexpected, and the loss 
of muscle potassium (14 per cent) was not 
commensurate with its low concentration in 
the plasma (1.9 mEq. per liter). A 
disturbance in transport of electrolytes was 
suspected. 

3. Excessive intake of potassium chloride 
did not correct the electrolyte imbalance; in 
fact total body chloride fell to a lower level, 
and potassium or sodium was wasted or lost 
in the urine during such periods. The con- 
centration of the sodium in the plasma also 
decreased at such times. Adrenal and renal 
functions were normal except for an in- 
ability to concentrate urine. 

4. The concentrations of the major lipid 
fractions of the plasma were high normal or 
above the normal range. The triglycerides 
and fatty acids were conspicuously raised. A 
hyperlipemia of the “transport” or “mobili- 
zation” type was inferred by exclusion of 
other possibilities. 

Although the disturbances in electrolyte 
transport and in lipid metabolism may be 
merely coincidental, we believe them to be 
interrelated. Work completed with rats 
demonstrates that coconut oil (short-chain 
saturated fatty acids) and other triglycerides, 
can decrease muscle sodium content by 50 
per cent in 3 hours. 


We are grateful to Dr. Michael Denborough 
for assistance with the assessment of lipoprotein 
lipase activity in this patient, to Dr. D. A. Mc- 
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Credie and Miss Mavis Freeman for help with 
respect to renal function tests, and to Mr. 
Robert Fowler for help in the surgical removal 
of muscle and renal tissues. Dr. Alan Williams 
gave his expert opinion on the histologic struc- 
ture of the renal tissue. Mrs. Malvina Malinek 
and Mr. Barry Holt gave valuable technical 
assistance. 
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Further investigations of lipid metabolism 
in a patient with hyperlipemia, 


hypokalemia, and tetany 


Keven J. Turner, Ph.D.,* and Donald B. Cheek, M.D., D.Sc. 


MELBOURNE, AUSTRALIA 


IN A previous paper’ it was reported that 
a female 11-year-old patient (A. S.) with 
periodic tetany, hypokalemia, and electrolyte 
loss (involving loss of muscle chloride, so- 
dium, and potassium) was found to have 
lipemia and elevation of triglyceride and 
fatty acid concentrations in the plasma. The 
nature of the derangement in electrolyte 
metabolism led to the contention that there 
was a disturbance in ionic transport across 
cellular membranes. The transfer of sodium 
out of the cell appeared to be increased in so 
far as the cellular content of sodium was de- 
creased in the presence of increased plasma 
bicarbonate concentration and hypokalemia. 
It was considered that the elevation of 
plasma lipid fractions interfered with elec- 
trolyte transport. This concept has been 
strengthened by investigation of the effect of 
administering natural oils and triglycerides 
to fasting rats.* The studies of other work- 
ers* * have pointed to the phospholipids as 
being of importance in electrolyte transport. 


From the Commonwealth Serum Laboratories 


and the Royal Children’s Hospital, Melbourne. 


"Address, Commonwealth Serum Laboratories, 
Parkville, Melbourne, Australia. 


The total phospholipids were normal in this 
patient, but the individual phospholipids 
had not been measured. 

The present study was undertaken to meas- 
ure the individual plasma phospholipids, es- 
terified fatty acids, and lipoproteins in this 
child, A. S., in her mother, in a nephrotic 
patient, and in plasma from 2 normal fast- 
ing children. Plasma from the mother was 
examined to assess whether the disorder was 
familial and plasma from the nephrotic pa- 
tient with lipemia to provide a basis for com- 
parison. It has been found that in this child 
(A. S.) there was an increase in the plasma 
concentration of esterified fatty acid and 
phosphatidyl ethanolamine. There was also 
a unique electrophoretic pattern for the lipo- 
proteins. The mother of this patient, A. S., 
also had a disturbance in lipid metabolism 
but no alteration in electrolyte concentra- 
tions." 

METHODS AND EXPERIMENTAL 

PLAN 

Analyses were performed on 3 ml. plasma 
taken from Patient A. S. when fasting and 
from her mother (designated M. A. S.). 
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Samples of control plasma were taken from 


2 fasting patients, one recovering from osteo- 
myelitis (designated Patient O.) and the other 
a normal child (designated N. C.). For con- 
trast, plasma from a nephrotic patient with 
lipemia was included (designated NEPH.). 
The method employed for lipid extraction 
of each plasma sample was essentially as out- 
lined by Marinetti and associates. The lipid 
extracts were separated into phospholipids 
and nonphospholipids by the dialysis tech- 
nique of van Beers.° The nonphospholipids 
found in the dialysate contained only traces 
of lipid P. Phospholipids, retained in the 
membrane, were taken to dryness, re-ex- 
tracted with chloroform: methanol (3:1) and 
made to 10 ml. volume for P assay.’ 
Quantitative chromatography of the 
plasma phospholipids was carried out in un- 
lined Pyrex cylinders of 8% inch diameter 
by 18 inches high with the use of silicic acid 
Whatman No. 1 papers and diisobutyl 
ketone: acetic acid: water (40:25:5) solvent. 
The time required for ascending chromatog- 
raphy at 18° C. was 16 hours. Slight modi- 
fication were made of standard methods’ for 
the identification of phospholipid spots and 
quantitative elution as lipid P. From 120 to 
190 ug P were spotted in aliquots of 12 yg 
using two papers per plasma sample. The 
stained phospholipid spots were eluted four 
times with a total of 22 ml. of methanolic 
HCI and the eluates concentrated to 10 ml. 
for P assay. Correction was made for blank 
P by assaying strips taken from unstained 
portions of the chromatogram. All phospho- 
lipids were identified by their mobility when 
compared with standard samples and by their 
specific color reactions with the stains rho- 
damine 6G,° ninhydrin, and phosphomolyb- 
date.* Further confirmation was obtained by 
identifying the corresponding bases liberated 
from the spot eluates by acid hydrolysis. 
The nonphospholipids were made to 10 
ml. volume in chloroform and assayed for 
esterified fatty acids (E.F.A.) by the method 
of Stern and Shapiro.*® Aliquots containing 


450 wg of the nonphospholipids were chro- 


matographed on silicic acid-treated What- 
man No. 1 papers using normal heptane: 
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diisobutyl ketone (96:12) as solvent. Ascend- 
ing chromatography at 4° C. was used and 
the duration of the run was 5 hours. Lipid 
spots were identified by staining with rhoda- 
mine 6G."! 

Paper electrophoresis was carried out in a 
Spinco hanging strip apparatus under nor- 
mal operative conditions of veronal buffer 
pH 8.6 and ionic strength 0.075. Strips were 
stained with bromphenol blue to locate pro- 
teins and with Sudan black to identify lipids. 
The bands were quantitated with the aid of 
a Spinco Analytrol model RA and the results 
are reported as dye-binding units. No correc- 
tion was made for the individual dye-binding 
characteristics of each protein type, hence 
the results obtained are relative rather than 
absolute. Lipid material with zero mobility 
on paper, consisting of chylomicrons and ad- 
sorbed beta lipoprotein was included in the 
beta lipoprotein fraction. The displacement 
of the maximum of each absorption band 
from the point of application was measured 
on the Analytrol tracings. This technique, 
while not exact, was sufficiently accurate to 
demonstrate any trend toward abnormal mo- 
bilities. 

To assist in the interpretation of electro- 
phoretic patterns of lipemic plasma, pooled 
normal human plasma was made lipemic. 
This involved incubation for 90 minutes at 
37° C. with free fatty acids and triglycerides 
in concentration sufficient to make the plasma 
comparable in analysis with that of Patient 
A. S. Four mixtures were made. Mixture | 
contained 0.9 mg. palmitic acid, converted 
to the salt by titration with 0.02N NaOH, 
plus 5 ml. normal plasma; mixture 2 con- 
tained 10 mg. triolein plus 5 ml. normal 
plasma; and mixture 3 was a composite of 
mixtures 1 and 2. Mixture 4 contained 1.5 
mg. of the nonphospholipids of Patient A. S. 
neutralized as above and incubated with 5 
ml. of normal plasma. This procedure was 
repeated with normal plasma _ previously 
dialyzed against veronal buffer (pH 8.6, u 
0.075). All of the mixtures had the charac- 
teristic opacity of lipemic plasma. Further- 
more, none of the added materials settled out 
of solution on standing. These eight mixtures 
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Table I. Plasma lipid composition* 








Non- 
phospholipids 
| Phospholipids | (E/100 ml. 
Subjects* | (mg./100 ml.) | E.F.A.) 
Normal 
O. 295 861 
N. C. 171 675 
With lipemia 
A.S. 255 1460 
M.A. S. 249 1380 
NEPH. 355 2420 





*All the values in the tables are the average of duplicate 


analyses 


were analyzed by paper electrophoresis at 
pH 8.6. Comparison was made with normal 
plasma, incubated as above, and with the 
plasmas of A. S. and M. A. S. 

RESULTS 

The data for total phospholipids and es- 
terified fatty acids (E.F.A.) of the nonphos- 
pholipids are shown in Table I. The con- 
centration of total phospholipids for A. S. 
and her mother fell within the extremes of 
the normal subjects. The nephrotic plasma 
(NEPH.) was high in phospholipid concen- 
tration. Subjects A. S., M. A. S., and NEPH. 
had elevation of E.F.A. concentrations from 
two to three times that of the normal sub- 
jects. As pointed out in the preceding paper’ 
free fatty acid concentration was found to be 
elevated in Subject A. S. Her mother also 
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had a lipemia in so far as her total lipids, 
when fasting, were 990 mg. per 100 ml. 
Since identical aliquots of phospholipids 
(12 »g) for each individual were spotted, 
visual observations of the stained chromato- 
grams provided a basis for quantitative com- 
parison. While all plasma samples contained 
the same phospholipid components, there was 
evidence of differences in the distribution of 
a particular phospholipid throughout the 
series. This was particularly apparent with 
the phosphatidyl ethanolamine which was 
highest in A. S., and with sphingomyelin 
which was highest in O. and NEPH. Phos- 
phatidyl serine, lysophosphatidyl ethanol- 
amine, and phosphatidic acid were present 
as minor components of each sample and 
showed little variation in concentration 
throughout the series. Lecithin, sphingo- 
myelin, lysolecithin, and phosphatidyl inosi- 
tol were the major components in all samples. 
Lysolecithin plus phosphatidyl inositol chro- 
matographed as a single spot but both com- 
ponents could be identified by a differing re- 
sponse to the rhodamine 6G. The inositol 
phospholipid stained blue, whereas lysoleci- 
thin stained orange yellow. An unidentified 
phospholipid present as a2 minor component 
chromatographed on paper below the lysolec- 
ithin spot and stained blue with rhodamine 
6G. It showed negative staining with both 
ninhydrin and phosphomolybdate. A tracing 
of a typical chromatogram is shown in Fig. 1. 


Table II. Plasma phospholipid distribution based on quantitative paper 


chromatography* 


Percentage of total lipid P 
| | Lylec 


Subjects PA PE | LEC | SPH | +IP | U 


~ Micrograms of lipid P/milliliter of 














ne 
plasma = 

| | Lysol. | recov- 

PA PE | LEC | SPH:| +IP | U | Total| eries 





Normal 
oO. 1.6 2.3 58.5 19.6 15. 
N. C. 1.6 61.1 17.6 13.6 


=) 
oo) 


With lipemia 


A. S. 0.5 5.6 62.0 17.8 118 2 
M. A. S. 2.2 66.7 17.4 13.6 0 
NEPH. Lo 2ar wee 6S: 2 


*All the values in this table are the average of duplicate analyses. 


~ 
hm ho 


wh 


24 606 20.3 163 2.3 104 88% 
0 2a wee ERS 8.7 15 63.2 94% 


0.5 , GS HS WS 23 98% 
=i 58.7 15.1 120 05 883 89% 
2.0 71.6 348 174 2.8 129 91% 











PA, phosphatidic acid; PE, phosphatidyl ethanolamine; LEC, lecithin; SPH, sphingomyelin; Lylec, lysolecithin; IP, inositol 


phosphatide; U, unknown phosphatide migrating below IP. 
lysophosphatidyl ethanolamine in SPH. 





Above results include traces of phosphatidyl serine in LEC, and 
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Table III. Plasma protein and lipoprotein distribution as measured by paper 
electrophoresis 





Prisco ___ Protein percentage of total __ _ Lipoprotein 
| aa l 7 percentage of total 
| binding Alpha: Alpha: Beta | globulin+| Alpha Beta 
Subject | units Albumin | globulin globulin globulin | fibrinogen | lipoprotein lipoprotein 
Normal 
O. 172 50 4.7 1.6 8.2 25.5 
N. C. 174 51 4.6 e 10.3 23.0 23 77 
With lipemia 
A. S. 180 50 3.4 3.9 11.1 26.6 14 86 
M. A. S. 178 47 3.4 a 12.4 29.2 18 82 
NEPH. 144 5.6 34.6 59.8 10 90 


In Table II the concentration of each 
plasma phospholipid is expressed as a per- 
centage of the total eluted P and also as an 
absolute amount per milliliter of plasma. 

The observation mentioned above regard- 
ing the elevation of phosphatidyl ethanola- 
mine in Patient A. S. was confirmed by anal- 
ysis. This elevation in phosphatidyl ethanol- 
amine concentration was not dependent on 
variation in total plasma phospholipids. 
Moreover, the other subjects with lipemia 

M. A. S. and NEPH.) did not show such 
an elevation. Considerable care was taken to 
differentiate phosphatidyl ethanolamine from 
phosphatidic acid. The latter fraction ap- 
peared reduced in the lipemic subjects. Leci- 
thin, sphingomyelin, and _lysolecithin plus 
phosphatidyl inositol varied within the limits 
of the control plasmas for Patients A. S., 
M. A. S., and NEPH. However, sphingomye- 
lin was elevated in the plasma from the ne- 
phrotic child. The unknown phospholipid, 
while of constant concentration in the plasma 
of all 4 children, was characteristically low 
for M. A. S.° 

Cholesterol, cholesterol esters, triglycerides, 
and free fatty acids were identified in the 
nonphospholipids of each sample by paper 
chromatography. Diglycerides were absent in 
each sample. While separation of the esters 
was incomplete, it was apparent that samples 
from A. S., M. A. S., and NEPH. were ele- 
vated in triglycerides, thus accounting for the 
high E.F.A. analyses previously mentioned. 


Fatty acids were high in A. S. and NEPH., 





not so high in M. A. S., and lower in the 
controls N. C. and O. 

The data in Table III show the relative 
amounts of the plasma proteins in dye-bind- 
ing units for the various subjects. The total 
plasma protein was slightly elevated above 
normal in Patient A. S. and in her mother 
and was diminished in the patient with ne- 
phrosis. The trend observed in the individual 
proteins of Patient A. S., namely, decreased 
globulins, elevated beta and gamma globulins 
was paralleled by the plasma of the mother 
with the elevation of gamma globulin being 
more pronounced. Both A. S. and her mother 
showed an elevation of the percentage beta 
lipoprotein, a finding which is characteristic 
of lipemia. 

The mobility of the major beta lipopro- 
tein band, while similar in all three lipemic 
plasmas, was from 1.4 to 1.5 times that of its 
counterpart in normal plasma. No significant 


Table IV. Mobilities of the plasma 
lipoproteins 


Distance of band in cm. from 
point of application 








Beta | Alpha, 
Sample lipoprotein lipoprotein 

Normal plasma 2.0 7.1 
Mixtures 

1 2.1 7.2 

2 1.9 7.1 

3 2.2 7.1 

4 2.8 7.3 
Subject A. S. 3.1 7.2 
Subject M. A. S. 2.9 7.2 
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Fig. 1. Tracing of a chromatogram of the plasma 
phospholipids from Patient A. S. Spot colors with 
rhodamine were spot | purple, spot 2 orange- 
purple, spots 3 and 4 yellow, spot 5 orange, and 
spot 6 purple. The identification of the spots is 
as follows: Spot 1, unknown; spot 2, a mixture 
of lysolecithin and inositol phosphatide; spot 3, 
sphingomyelin plus a trace of lysophosphatidy] 
ethanolamine; spot 4, lecithin plus a trace of phos- 
phatidyl serine; spot 5, phosphatidyl ethanolamine; 
and spot 6, phosphatidic acid. 


increase occurred in the mobility of the alpha 
lipoproteins but the albumin and alpha glob- 
ulin bands for Subjects A. S., M. A. S., and 
NEPH. migrated slightly ahead of those of 
the normal subjects. 

Table IV shows the displacements of the 
lipoprotein bands of plasmas from A. S., 
M. A. S., normal pooled human plasma, and 
the mixtures of fatty acids and normal plasma 
samples described above. Palmitic acid added 
to normal plasma at pH 8.6 gave a slight in- 
crease in the mobility of the beta lipoprotein, 
an increase which was accentuated in the 
presence of triolein (mixture 3). Triolein 
alone (mixture 2), however, repressed the 
mobility of the beta lipoprotein component. 


The nonphosphatides from the plasma of 
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A. S., when incubated with normal plasma 
(mixture 4), significantly increased the mo- 
bility of beta lipoprotein to values compara- 
ble with those of the plasma from A. S. and 
M. A. S. Similar mobility results were noticed 
with the mixtures incubated at pH 7.0 but 
the increase in mobility of mixture 4 at this 
pH was not as apparent as at pH 8.6. No 
alteration occurred to the mobilities of the 
lipoproteins from A. S. and M. A. S. when 
incubated at pH 8.6 under the standard con- 
ditions. 


DISCUSSION 


The investigation of the phospholipid com- 
ponents, the esterified fatty acid concentra- 
tion, and the lipoprotein pattern in the 
plasma of Patient A. S. has been carried out 
and the findings compared with those in the 
mother of this child, in 2 control patients, 
and in a patient with nephrosis. Clearly the 
investigation has been carried out in antici- 
pation of finding unique changes in the 
plasma of Patient A. S. as she alone showed 
a change in electrolyte metabolism with hypo- 
kalemia and tetany. Electrolyte disturbance 
has not previously been reported in associa- 
tion with hyperlipemia. 

It has been found that Patient A. S. has 
an elevation of phosphatidyl ethanolamine 
concentration in the plasma. Phosphatidyl 
ethanolamine and phosphatidyl serine, while 
minor components of normal plasma, occur 
in appreciable amounts in most tissues.'* It is 
pertinent to point out that while phospha- 
tidyl ethanolamine has a higher turnover 
rate than lecithin in the liver, liver lecithin is 
easily converted to its plasma counterpart but 
this is not the case with respect to phospha- 
tidyl ethanolamine.'* The elevated phospha- 
tidyl ethanolamine content could result from 
tissue damage. Should this occur one would 
expect an elevation of the plasma _phos- 
phatidyl serine concentration, yet no such 
alteration was observed in the plasma from 
A. S. On the other hand, damage to the 
heart or liver would not be reflected in ab- 
normal plasma phosphatidyl serine levels, as 
this particular phospholipid is a minor con- 
stituent of heart and liver tissue.** Marinetti® 
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studied the plasma phospholipids following 
coronary thrombosis with cardiac damage 


and were unable to find an elevation of the 
cephalin concentration. By contrast, Noth- 
man and Proger'* were able to show that 
patients with hyperlipemia and hypercholes- 
terolemia and patients with coronary heart 
disease had elevations of plasma phosphatidyl 
ethanolamine concentrations up to threefold 
that of plasma from normal subjects. Pa- 
tient A. S. had normal liver function’ 
and serum transaminase determinations were 
within normal limits. However, it is still 
possible that the elevation of phosphatidyl 
ethanolamine was, in fact, dependent on 
tissue damage. 

On the other hand, according to Hokin 
and Hokin,* fatty acids or triglycerides com- 
bine with adenosine triphosphate to form a 
phosphatidic acid which activates electrolyte 
transport and the “sodium pump.” The fact 
that, while both free and esterified fatty acids 
were high in Patient A. S.,' the iotal choles- 
terol level was normal differentiates this con- 
dition from the more usual types of lipemia 
such as nephrosis or atherosclerosis.* ** '® The 
mother of Patient A. S. had lipemia and a 
raised esterified fatty acid concentration. She 
did not show a marked elevation of free fatty 
acids, or increased phosphatidyl ethanola- 
mine concentration in the plasma, nor did 
she show a change in plasma electrolyte con- 
centration. By inference we might conclude 
that fatty acids, glycerides, and phosphatidyl 
ethanolamine are somehow related to the 
electrolyte disturbance in Patient A. S. 

All the subjects with lipemia showed a 
significant elevation of the percentage of 
beta lipoprotein present—a finding which is 
characteristic of lipemia.'* In addition, all 
subjects with lipemia showed an increase in 
mobility of the beta lipoprotein. Pure beta 
lipoprotein shows notable variability in its 
electrophoretic mobility which tends to in- 
crease with aging.’ '® Such effects are not 
so apparent in plasma where albumin acts 


as a Stabilizing agent to minimize oxidative 


changes in the lipoproteins. Care was taken 
to exclude these false mobility effects by stor- 


ing all plasma samples at 4° C. and analyz- 








Lipid metabolism and hyperlipemia, hypokalemia, and tetany 213 


ing them within 48 hours of bleeding. The 
observation that free fatty acids when added 
to plasma elevate the mobility of beta lipo- 
protein is well established.’ '* *° This is of 
particular significance since all three lipemic 
plasmas in this study had high fatty acids 
(esterified, free, or both). When sodium pal- 
mitate, either alone or with triolein, was 
added to normal plasma in sufficient concen- 
tration to make the total lipid analysis com- 
parable with that of plasma from A. S., a 
slight increase in beta lipoprotein mobility 
resulted. The mobility was further increased 
by doubling the concentration of sodium 
palmitate but did not reach the value shown 
by the beta lipoprotein of the lipemic sub- 
jects. This is in agreement with the findings 
of Gordon,** who claimed that it was neces- 
sary to increase manyfold the existing quan- 
tity of fatty acid anions in plasma to effect 
any significant alterations in mobility. The 
addition of the nonphospholipids from Sub- 
ject A. S. to normal plasma (mixture 4, 
Table IV) produced a beta lipoprotein com- 
ponent which migrated at a rate comparable 
with that of the beta lipoprotein of the lipe- 
mic samples. It appears, therefore, that the 
nature of the added fatty acids is critical, 
since palmitate or oleate alone could not 
produce the same mobility effect as a com- 
posite mixture of fatty acids. 


SUMMARY 


1. Further investigations of the lipid frac- 
tions have been undertaken on plasma from 
a previously described patient with hyper- 
lipemia, electrolyte derangement and hypo- 
kalemia, and periodic tetany.' For contrast, 
plasma was analyzed from the patient’s 
mother (also lipemic), from a patient with 
nephrosis, and from 2 normal children. In 
the previous paper' the theory was advanced 
that the elevation of esterified, fatty acids in 
Patient A. S. was related to a disturbance in 
electrolyte transport. 

2. The present study demonstrates that this 
patient (A. S.) has a rise in concentration of 
phosphatidyl ethanolamine in her plasma, in- 
creased esterified fatty acids, and increased 
mobility of beta lipoprotein. The latter find- 
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ing is dependent on the mixture of excess 
fatty acids in the plasma. 
3. It remains for the results of animal ex- 


periments to provide a suggestion as to the 


role played by the fatty acids and triglycer- 
ides in electrolyte transport. 


We wish to thank Miss C. M. Gilbo for the 
paper electrophoretic analyses, and Mr. L. 
Morton and Mr. B. Magnusson for their ex- 


cellent technical assistance. 
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Hypoglycemia with an inability to 


increase the epinep brine secretion in 


insulin-induced hypoglycemia 


A further report 


Ove Broberger, M.D., and Rolf Zetterstrém, M.D.* 


GOTHENBURG, SWEDEN 


In a previous publication Broberger, Jung- 
ner, and Zetterstr6m' reported 3 cases of 
so-called spontaneous idiopathic hypoglyce- 
mia in childhood with an inability to increase 
the epinephrine secretion in insulin-induced 
hypoglycemia. In normal children and 
adults," * the epinephrine excretion increases 
five- to twentyfold in insulin-induced hypo- 
glycemia. This transient hyperadrenalism, 
clinically manifested by sweating, flushing, 
and rise of blood pressure and pulse rate, is 
probably part of the blood sugar regulating 
mechanism.* Hence, it is reasonable to as- 
sume that a hypofunction of the adrenal 
medulla may be of pathogenetic significance 
for some cases of spontaneous hypoglycemia 
in childhood. However, the cause of this 
organic or functional lesion is still obscure 
and, therefore, a study of a larger series was 
made. This communication reports the clini- 
cal and laboratory data of 7 cases collected 
during a period of 2 years. 


From the Department of Pediatrics, Children’s 
Hospital, University of Gothenburg, 
Gothenburg, Sweden. 


*Address, Pediatriska Kliniken, Géteborgs 
Universitet, Goteborg, Sweden. 


MATERIAL 


The material comprises 7 children (Pa- 
tients B, C, and E were included in the 
previous report) suffering from hypoglycemia 
with inability to increase the epinephrine 
secretion in insulin-induced hypoglycemia. 
The children were admitted to the Pediatric 
Clinic of the University of Gothenburg (Pa- 
tients A, B, D, E, and G) and the Pediatric 
Clinic of Karolinska Sjukhuset, Stockholm 
(Patients C and F) during the years 1957 to 
1959. The code indices, sex, and age at ad- 
mission are given in Table I. 

A thorough investigation disclosed no signs 
of hypophyseal, thyroid, hepatic, or adrenal 
cortical dysfunction in these children. 


METHODS 


Glucose tolerance test. Patients were kept 
fasting overnight. At 9 a.m. glucose in a dose 
of 2 Gm. per kilogram body weight was given 
orally. Capillary blood samples were taken 
before and 10, 20, 30, 45, 60, 75, 90, 120, 
150, and 180 minutes after ingestion. The 
blood sugar level was estimated according 
to the method described by Ek and Hult- 
man.°® 
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Insulin tolerance test. Patients were kept 
fasting overnight. At 9 a.m. insulin in a dose 
of 0.1 I.U. per kilogram body weight was 
injected intravenously. Capillary blood sam- 
ples for blood sugar determination were 
taken before and 10, 20, 30, 45, 60, 75, 90, 
120, 150, and 180 minutes after injection. 

Pulse rate and blood pressure were re- 
corded at 10 minute intervals. 

Epinephrine test. After a fasting period of 
8 hours, 0.3 mg. of epinephrine was injected 
subcutaneously. Capillary blood samples for 
blood sugar determination were taken before 
and 15, 30, 60, and 120 minutes after in- 
jection. 

Estimation of the epinephrine and norepi- 
nephrine excretion. The bladder was emptied 
with a catheter at 6 a.m. The urine was 
collected between 6 a.m. and 9 a.m. as the 
control period (Sample I) and during the 
insulin tolerance test from 9 a.m. to 12 noon 
(Sample II). The urine was adjusted imme- 
diately after sampling to pH 3.5, and nor- 
epinephrine and epinephrine were estimated 
with the fluorimetric method described by 
von Euler and Floding.® The catecholamines 
are oxidized at pH 3.5, when only a small 
percentage of the norepinephrine is oxidized 
and the epinephrine is completely oxidized. 
At pH 6, both catecholamines are completely 
oxidized, and the oxidized products, adreno- 
chrome, and noradrenochrome, are then 
transmitted to the corresponding trihydroxy- 
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Fig. 1. Birth weights plotted against gestational 
age for the 7 patients. For details see Table I. 
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Table I. Birth weights and gestational ages 
of the 7 patients with idiopathic 
hypoglycemia 





Gestational 
age (weeks) 


3,100 40 
1,740 
2,000 
1,450 
2,600 
2,240 
1,840 


Birth weight 
Code | Sex | (grams) 








Table II. Time relationship between the age 
when convulsions were first observed and 
when a definite diagnosis of hypoglycemia 
was established 








| Age when a definite 
Age when con- diagnosis of 

vulsions were first | hypoglycemia was 
observed established 


years 5 years 
days 16 months 
year 5 years 
days 24 months 
years 3 years 
months 22 years 
days 30 months 


| 











indol derivative, which can be _ estimated 
fluorimetrically.* 


CLINICAL STUDY 


Heredity. None of the mothers suffered 
from diabetes mellitus at the time of de- 
livery or developed diabetes afterward. En- 
docrine disorders were recorded in only one 
family, in which the mother and a maternal 
aunt had hypothyroidism. This mother re- 
ceived desiccated thyroid in a well-balanced 
dose during her pregnancy. 

Consanguinity was not present in any 
case, and all brothers and sisters were 
healthy. 

Birth weight and gestational age. In Fig. 
1, where birth weight has been plotted 
against gestational age, it can be seen that, 
although 6 of the 7 children had a birth 


"These estimations were carried out by Dr. I. Jungner 
at the Hospital for Epidemic Diseases, Stockholm. 
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weight not exceeding 2,600 Gm., the gesta- 
tional age was not less than 36 weeks in 
any instance. The birth weight of each in- 
fant was well below the normal range for 


the gestational age.'® The gestational age 
was calculated from the delivery records; 
it is noteworthy that no symptoms of im- 
maturity were noted. There was no toxemia 
of pregnancy. 

Neonatal period. Cyanosis and respiratory 
distress were present in 4 of the children (A, 
B, E, and G) during the immediate neonatal 
period, and 3 of them (B, E, and G) had 
repeated attacks of generalized clonic sei- 
zures during their first and second days of 
life. The delivery was uncomplicated in all 
cases. Patient B, in whom hypoglycemia was 
diagnosed at the age of 4 weeks, had jaun- 
dice of unknown etiology during the first 6 
months of life. 

The remaining patients were apparently 
healthy during infancy. 

Onset of the disease. Unconsciousness and 
generalized clonic seizures have been the 
main symptoms of disease. Although a defi- 
nite diagnosis of hypoglycemia, confirmed 
by a low blood sugar level during an acute 
attack, has, as a rule, been established rather 
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late, clinical symptoms of the disease, in the 
form of unconsciousness and seizures, were 
often observed at a young age (Table II). 
In 3 of the children they occurred in the 
early neonatal period. There is no doubt 
that these early convulsions delayed a cor- 
rect diagnosis. Not less than 3 of the chil- 
dren have, because of their tendency to con- 
vulsions, been regarded as epileptics, and 
have been treated with antiepilepsy drugs 
for years without apparent improvement. In 
Patient F the disease started a few days 
after the onset of serous meningitis, most 
probably of viral origin. This patient had 
previously been completely free from symp- 
toms. 

Studies of carbohydrate metabolism. 

Glucose tolerance test. The results of the 
glucose tolerance tests are graphically pre- 
sented in Fig. 2. The findings are incon- 
sistent, and no definite conclusions can be 
drawn from them. Biphasic curves of a pro- 
longed type, similar to those typical of glyco- 
gen storage disease, were found in Patients 
G and E.* In Patient B, there was a rise in 
the blood sugar of 110 mg. per 100 ml. 
within 30 minutes, followed by a steep fall to 
35 mg. per 100 ml. within 2 hours. In the 
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Fig. 2. Oral glucose tolerance tests for the 
minutes. Ordinate: blood sugar in mg. per 100 ml. 
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Fig. 3. Insulin tolerance tests for the 7 patients. Abscissa: time in minutes 


Ordinate: blood sugar in mg. per 100 ml. 


remaining patients the curve had a normal 
appearance. 

Insulin tolerance test. From Fig. 3 it can 
be seen that all children had an increased 
sensitivity to insulin, as manifested by a blood 
sugar fall of more than 40 mg. per i100 ml. 
In general, the return to normal levels was 
very slow. 

Urinary excretion of catecholamines after 
insulin load. The urinary excretion of cat- 
echolamines after an insulin load in healthy 
children, in children suffering from hypo- 
glycemia due to hyperplasia of the beta cells, 
and in children with intolerance to leucine 





L iL iL L 
60 120 TRO min 





Fig. 4. Epinephrine tolerance tests for 5 of the 
patients. Abscissa: time in minutes. Ordinate: 
blood sugar in mg. per 100 ml. 


is given in Table III. The corresponding 
pulse rates and blood pressure values are 
recorded in Table IV. As can be seen, the 


excretion of epinephrine increases five- to 


twentyfold with simultaneous increases in 
pulse rate and blood pressure. Tables V and 
VI give the results obtained from the 7 chil- 
dren with idiopathic hypoglycemia. They 
contrast well with those of the control pa- 
tients. Increase of epinephrine excretion was 
absent or very slight, and no, or only very 
small, increases of the pulse rate and blood 
pressure were noted. Thus, these patients 
lacked any signs of a compensatory hyper- 
adrenalism. 

Epinephrine test. Epinephrine test was per- 
formed in 5 of the patients (B, C, D, E, and 
G). The tests are graphically presented in 
Fig. 5. The results are somewhat inconsistent. 
While Patients C, B, and G had a normal 
response, abnormal reactions were found in 
2 patients: an abnormally weak response in 
Patient D, and an abnormally strong re- 
sponse in Patient E. However, as very little 
is known about the diagnostic significance of 
blood sugar reactions to epinephrine, these 
findings are hard to evaluate clinically.”* 

Nothing suggested that the hypoglycemic 
attacks were induced by ingestion of proteins 
as in the case of hypoglycemia due to intoler- 
ance to leucine.* 
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Table III. Urinary excretion of catecholamines after insulin load in 5 normal 
children and in 2 children with hypoglycemia of determined origin 





Norepinephrine Epinephrine 
(ug per hour) (Hg per hour) 





Control Insulin Control Insulin 
Age (years) period period period period 
Control patients 
lo 0.37 0.61 0.27 1.3 
142 ; 0.14 0.18 0.21 0.96 
2% 0.16 0.16 0.21 5.0 
7 J 0.23 0.23 0.40 1.7 
8 ; 0.08 1.1 0.17 4.0 





Patient with hypoglycemia due to hyperplasia of the beta cells 
10 F 0.64 0.91 0.16 


Patient with hypoglycemia due to intolerance to leucine 


3 F 0.17 0.34 0.09 





Table IV. Blood pressure and pulse rate in 5 normal children and 2 children with 
hypoglycemia of determined origin after insulin load 





| (mm. Hg) (per min.) (mg. per 100 ml.) 


Before Before After 
insulin insulin insulin insulin 





Age Before After 
(years) Sex insulin insulin 


| | Blood pressure | Pulse rate Blood sugar 
= 





Control patients 
1Ye 110/80 130/90 86 126 105 71 
1%e 90/60 105/75 105 130 100 69 
2% 100/50 120/65 ) 115 108 57 
7 90/60 115/70 ‘ 100 107 80 
8 95/50 110/65 - 110 123 64 


Patient with hypoglycemia due to hyperplasia of the beta cells 
F 10 100/60 120/80 70 120 106 


Patient with hypoglycemia due to intolerance to leucine 
F 3 95/65 115/80 80 130 45 








Table V. Urinary excretion of catecholamines after insulin load in the 7 patients 
with idiopathic hypoglycemia 





| Nore pine phrine | Epinephrine 
(Hg per hour) (Hg per hour) 
> a = BE oer! 


Age Control Insulin Control Insulin 
(years) period period period period 


0.21 0.35 0.50 0.49 
0.21 0.28 0.41 0.53 
0.35 0.32 0.16 0.17 
0.15 , 0.24 0.41 0.18 
0.28 0.42 0.34 0.40 
0.33 0.26 0.17 0.16 
0.42 0.09 0.32 0.09 
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Fig. 5. Effect of epinephrine on blood sugar, pulse 
rate, and blood pressure in Patient G during an 
acute (spontaneously occurring) hypoglycemic at- 
tack. Abscissa: time in minutes. Ordinate, to the 
left: blood sugar in milligrams per 100 ml.; to 
the right: pulse rate in beats per minute and 
blood pressure in mm. Hg. 

At arrow 0.3 mg. of epinephrine was given sub- 
cutaneously. 

Solid line, Blood sugar. 

Broken line, Pulse rate. 

Dotted line, Systolic blood pressure. 


COURSE OF THE DISEASE 


In the 3 patients with an early onset of 
the disease, as judged from the age when 
convulsions were first observed, the hypo- 
glycemic attacks have been more prevalent, 
with a frequency of | to 2 attacks monthly. 
These children have also been underdevel- 
oped to a certain degree. The height and 
weight have been below the normal range 
for the age. On the other hand, the mental 
development has been retarded in only one 
patient (G). It is noteworthy that this pa- 
tient, 3 years after the onset of hypoglycemia 
with severe and repeated attacks, still has 
a normal electroencephalogram. An electro- 
encephalogram with epileptogenic activity 
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was found in only one patient (B). Minor 
abnormalities, in the form of a slow dys- 
rhythmia, were recorded in 2 additional pa- 
tients (A and E). Thus, there is no correla- 
tion between a severe and long-lasting dis- 
ease and an abnormal electroencephalogram. 
In this connection it has to be emphasized 
that not all convulsions seen late in the dis- 
ease necessarily have been induced by a drop 
in the blood sugar level. Severe and pro- 
longed hypoglycemic attacks may cause ir- 
reversible cerebral damage, resulting in fre- 


8, 9 


quent epileptic seizures. 
EFFECT OF TREATMENT 


The acute hypoglycemic attacks have al- 
ways responded promptly to intravenous in- 
fusion of glucose. An interesting response to 
epinephrine was noted on one occasion in Pa- 
tient G. During an acute hypoglycemic at- 
tack, with a blood sugar value of only 25 
mg. per 100 ml., he was given 0.3 mg. of 
epinephrine subcutaneously. He responded 
promptly with a rise in the blood sugar level, 
pulse rate, and blood pressure (Fig. 5), indi- 
cating that, although there is a faulty secre- 
tion of epinephrine, the ability to utilize this 
compound is still intact. 

Some of the patients have received treat- 
ment with ACTH for a short time. Because 
of the hyperglycemic action of this hormone, 
patients should be expected to react favor- 
ably with regard to the hypoglycemia.* This 
seems not to have been the case in these 
patients. 

Four of the children (C, D, E, and G) 


Table VI. Blood pressure and pulse rate in the 7 patients with idiopathic 


hypoglycemia after insulin load 











Blood pressure Pulse rate Blood sugar 

(mm. Hg) (per min.) (mg. per 100 ml.) 

Age Before | After Before After Before After 

Code Sex (years) insulin insulin insulin insulin insulin | insulin 
\ M 8 140/80 140/75 120 120 84 28 
B M 5 125/85 130/100 120 124 86 26 
C M 8 120/70 100/70 70 90 100 50 
D F 3 100/60 60/- 82 120 107 25 
E M 5 100/70 105/85 84 88 82 37 
I M t 100/60 110/70 70 80 70 30 
G M 3 105/70 90/65 110 110 78 14 
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have been continuously treated with ephed- 
rine in a dose of 10 mg. daily during the 
last 2 years. Three of them (C, D, and E) 
have not had any further attacks since this 
treatment was started whereas Patient G 
seems not to have improved on this treat- 
ment. However, it has to be vointed out that 
this patient, due to his severe hypoglycemic 
attacks, most probably had irreversible brain 
damage very early in the disease. This brain 
damage may have accelerated the hypo- 
glycemic disease. 

Some unpleasant side effects of ephedrine 
treatment were noted. The children some- 
times became extremely agitated and were 
inclined to violent reactions to environ- 
mental factors. 


INCIDENCE OF DISEASE 


Five of the patients were admitted to the 
Pediatric Clinic of the University of Gothen- 
burg during the years 1958 and 1959. To 
this hospital which serves a district with 
400,000 inhabitants, about 3,000 children are 
admitted yearly. During these 2 years 11 
children with hypoglycemia were seen in 
the hospital. Among the 6 patients not in- 
cluded in the group and not reported here, 2 
had intolerance to leucine and 4 were un- 
satisfactorily classified. 


DISCUSSION 


The clinical data of this study seem to 
indicate that children with idiopathic hypo- 
glycemia, who have an inability to increase 
epinephrine secretion in insulin-induced hy- 
poglycemia, have this defect at birth. The 
low birth weight for the gestational age 
without pronounced signs of immaturity sug- 
gests that a dysfunction of the adrenal me- 
dulla may be responsible for the disease. In 
3 of the children, symptoms of hypoglycemia 
were also present during the early neonatal 
period. However, it has to be strongly em- 
phasized that the unconsciousness and con- 
vulsions, recorded in these patients during 
the first days of life, cannot with certainty 


be attributed to a hypoglycemic attack. | 


They may originate from cerebral damage, 
and the possibility must be considered that 
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the hypoglycemia could be of central origin; 
cerebral damage could result in faulty stim- 
ulation of the adrenal. medulla and be re- 
sponsible for the defective release of epi- 
nephrine. It is tempting to ascribe such a 
mechanism to the development of the hypo- 
glycemia in Patient F, in whom hypogly- 
cemic symptoms appeared for the first time 
during the course of serous meningitis. 

Thus the data obtained from these pa- 
tients give no indication whether the faulty 
excretion of epinephrine is of central or pe- 
ripheral origin. This problem is at present 
being subjected to experimental study in this 
hospital. 

Studies of the carbohydrate metabolism 
revealed nothing abnormal except an in- 
creased sensitivity to insulin and an inabil- 
ity to increase the epinephrine secretion in 
insulin-induced hypoglycemia. Minor abnor- 
malities in the response to glucose and epi- 
nephrine were noted in a few patients but 
could not be correlated with the disease. 

The beneficial effect of ephedrine treat- 
ment, noted in some of the patients, pro- 
vides further evidence that the absence of 
a compensatory hyperadrenalism is of path- 
ogenetic significance for this type of hypo- 
glycemia. The role of ephedrine in the regu- 
lation of the blood glucose level has been 
ascribed to its ability to prevent the break- 
down of epinephrine."’ However, it seems 
unlikely that an accelerated breakdown of 
epinephrine should account for the faulty 
epinephrine response in insulin-induced hy- 
poglycemia. The good effect of epinephrine 
on the blood sugar level in Patient G during 
a spontaneously occurring hypoglycemic at- 
tack suggests that, at least, this patient can 
utilize epinephrine properly. The results of 
the epinephrine tolerance tests point in the 
same direction. 

The high incidence of children with hypo- 
glycemia of this particular type among all 
children with hypoglycemia admitted to the 
Pediatric Clinic in Gothenburg during recent 
years suggests that an absence of a com- 
pensatory hyperadrenalism is a common 
cause of hypoglycemia. A careful investiga- 
tion of the adrenal medullary function is, 
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therefore, necessary in all cases of hypo- 


glycemia with obscure etiology. 


SUMMARY 


Clinical data of 7 children, suffering from 
hypoglycemia with an inability to increase 
the epinephrine secretion in insulin-induced 
hypoglycemia, are presented. All children 
showed an increased sensitivity to insulin. 
Whereas the epinephrine secretion increases 
five- to twentyfold in normal children and 
in children with hypoglycemia of other ori- 
gin, an increase of the epinephrine secretion 
was absent or very slight in the patients 
studied. A study of the carbohydrate me- 
tabolism revealed no other signs of abnor- 
mality. Almost all children had a low birth 
weight, well below the normal range for the 
gestational age. 

A diagnosis of hypogycemia was, as a rule, 
established rather late, but symptoms indica- 
tive of a hypoglycemic disorder, repeated at- 
tacks of unconsciousness, and convulsions 
were present during the early neonatal pe- 
riod in some of the children. In one of the 
patients the disease started during the course 
of serous meningitis and the possibility of 
the hypoglycemia being caused by a defec- 
tive central stimulation of the adrenal 
medulla is discussed. 

Four of the children received treatment 
with ephedrine in a daily dose of 10 mg. 
Three of these children have not had any 
further hypoglycemic attacks. 

The incidence of hypoglycemia of this 
particular type among all cases of hypo- 
glycemia, seen at the Pediatric Clinic of the 
University of Gothenburg, was found to be 
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rather high, amounting to about 50 per cent 
of all cases of hypoglycemia. 
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Placental transfer of an organic radiopaque 


medium resulting in a prolonged elevation of 


the protein-bound todine 


Raphael R. David, M.D.,* ** David S. Alexander, M.D.,* and 


Lawson Wilkins, M.D. 


CHICAGO, ILL. 


T HE association of an elevated serum pro- 
tein-bound iodine after the administration 
of iodinated dyes is well known. Such levels 
are of varying magnitude and duration, but 
are often greater than those seen in hyper- 
thyroidism or other disorders of thyroid 
function. In 1957, Astwood' described the 
occurrence of extremely high levels of serum 
PBI in fifteen patients who had received 
Teridax as a contrast medium for cholecys- 
tography, and for as long as 18 months fol- 
lowing the administration of the dye. 

The purpose of this report is to show that 
this substance can pass through the placental 
barrier and cause a marked and prolonged 
elevation in the PBI of the offspring. Two 
children are described, who had high serum 
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PBI resulting from the administration of 
this iodinated compound to their mothers. 
The mother of a 32-year-old child received 
the dye during the third month of gestation, 
while the mother of a 5-month-old infant 
had a gall bladder series approximately one 
year before she became pregnant. 


CASE REPORTS 
Case 1. (H. L. H. No. B68991.) Because of 


anemia and the finding of a high serum 
PBI, D. M., a white male child, was re- 
ferred to the Endocrine Clinic of the Har- 
riet Lane Home at the age of 3% years. 
The PBI determination had been requested 
elsewhere because of suspected hypothyroid- 
ism. The mother had received Teridax in 
the third month of pregnancy for an x-ray 
of the gall bladder. The amount given was 
not recorded. There was no other history 
obtained of intake of any other iodine-con- 
taining substance by mother or child. On 
physical examination the blood pressure was 
95/70, the thyroid gland was normal in size, 
and there were no clinical signs or symp- 
toms of thyroid dysfunction. The values for 
protein-bound and total iodine are given in 
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Table I 
PBI* BEI+ Total iodine* | Interval since gall 
ugh ug% ugh bladder series 
Child L. A. (5 months) 3,360 - 3,680 
L. A.’s mother 2,280 — 2,440 26 months 
Child D. M. (3% years) 880 25 880 
D. M.’s mother 3,680 25 3,680 3% years 











Mass. 








*Determinations of PBI and total iodine were carried out by Dr. E. B. Astwood, New England Center Hospital, Boston, 


tBEI levels were measured in the Bioscience Laboratories, Los Angeles, Calif. 


Table I for both mother and child. The sera 
were run several times on two chromato- 
graphic systems by Dr. E. B. Astwood (New 
England Medical Center, Boston), and the 
behavior of the iodinated compound in both 
systems was identical with that of Teridax, 
previously reported by the same author. 
Case 2. (H.L.H. No. B70072.) L. S., a 
white female infant, was referred at the age 
of 5 months because of multiple congenital 
anomalies and suspected Hurler’s syndrome. 
A maternal aunt had a goiter during adoles- 
cence which produced hypothyroidism; she 
was still taking thyroid extract. The serum 
PBI of the infant had been found elsewhere 
to be markedly elevated. The mother had 
received Teridax for a gall bladder series 21 
months prior to the birth of the child. The 
amount given was not recorded, and no his- 
tory of intake of any other iodine-containing 
substance was obtained. On physical exami- 
nation the infant was found to be short in 
stature and had multiple congenital anoma- 
lies, including microcephaly, microphthalmia, 
and hypoplasia of the small bones of the 
hands. There were no symptoms or signs of 
thyroid dysfunction. The clinical picture did 
not correspond to any known syndrome. The 
buccal smear showed a chromatin-positive 
pattern in the nuclei of the mucosal cells. 
The values for the serum PBI and total 
iodine of both mother and child are given in 
Table I. These sera were also chromato- 
graphed by Dr. E. B. Astwood, with the 


same results as in Case 1. 
DISCUSSION 


The level of the serum PBI in normal 
adults is from 4.0 to 8.0 »g per 100 ml.* * 


and that of the BEI is from 3.2 to 64 pg 
per 100 ml.‘ Infants and children have 
values that are 0.5 to 1.0 yg higher than 
those of adults.* Various factors other than 
thyrotoxicosis can cause a rise beyond this 
range. Some elevation may occur during 
pregnancy, in liver disease, and in the new- 
born period, as a result of an increase in the 
thyroxin-binding protein. In Hashimoto's 
thyroiditis and carcinoma of the thyroid a 
rise in the serum PBI may be seen because 
thyroglobulin is released into the circulation 
by the affected gland, and not because of 
excess hormone production. Finally, it may 
be added that iodotyrosines found in the 
plasma of patients with enzymatic defects of 
thyroid biosynthesis may cause an elevation 
of the serum PBI if the protein is precipi- 
tated by the alkaline precipitation method. 

In hyperthyroidism the serum PBI rarely 
exceeds 20 »g per 100 ml., and values above 
this are usually due to the administration 
of exogenous iodine-containing compounds. 
Those which are organically bound raise the 
PBI to a higher degree and for a longer 
time than the inorganic iodides. Prominent 
in the list of such compounds are the many 
radiopaque preparations used for roentgeno- 
logic diagnosis. These have no adverse clini- 
cal effect on thyroid function, but a tem- 
porary depression of I'*' uptake by the 
gland has often been demonstrated. Such 
substances include Hypaque (diatrizoate so- 
dium) ,° Telepaque (iodopanoic acid) ,” * 
Priodax (iodoalphionic acid) ,* * * Diodrast 
( 3,5-diiodo-4-pyridone-N-acetic acid dietha- 
nolamine),° and Cholografin (iodipamide).” 
None of these have been found to raise the 
serum PBI levels or depress the thyroid up- 
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take of I'*' for longer than 3 to 4 months 
following administration. Substances used in 
bronchography differ somewhat in their ef- 
fects. Dionosil (n-propyl ester of 3:5 diiodo- 
+-pyridone-N-acetic acid) produces a rapid 
rise in the serum PBI of relatively small 
magnitude; Salkin and associates'’ showed 
that within a week the average PBI in 34 
patients who had received Dionosil was 
down to 8.9 »g per 100 ml. In only a small 
number of patients did the elevation last up 
to 5 months. Lipiodol,** ** an iodized poppy- 
seed oil commonly used for bronchography, 
on the other hand, raises the PBI for many 
months, and the level may not return ‘to 
normal for several years. This is partly be- 
cause the dye remains in the lungs where 
it may be visible for years radiographically. 
At the same time the I'*' uptake may be 
suppressed’* as a result of the liberation of 
free iodine. Serial PBI values following the 
administration of Lipiodol either by mouth 
or by intratracheal instillation'’ ** show an 
initial rapid drop in the first 4 to 5 months 
followed by a very gradual and prolonged 
one. 


I 
I “4 Y- CH:—CH—COOH 
HO I CH: 


CH; 
dl-3-hydroxy-2,4,6-triiodo-a- 
ethylhydrocinnamic acid (Teridax) 


Teridax (dl-3-hydroxy-2,4,6-triiodo-alpha- 
ethylhydrocinnamic acid) used for cholecys- 
tography, was found to raise the serum PBI 
up to 14,000 »g per 100 ml.’ Heijdemann 
and Lindeboom* describe a patient whose 
PBI measured 7,600 wg per 100 mi. 21 
months after administration of this com- 
pound. Astwood' studied and isolated this 
compound from the sera of several patients. 
The very great and sustained elevation of 
the PBI in such cases is apparently related 
to the prolonged half-life (2Y2 years approxi- 


mately) and resistance to deiodination of 


this stable compound. However, it did not 
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suppress the thyroidal I** uptake. The levels 
of total iodine indicate that little or no 
iodine was present in the inorganic form. 
Evidence of the placental transfer of this dye 
and its effect on the serum PBI of the off- 
spring has only recently been appreciated. 
Shapiro and Man" have recently reported 
PBI values of 4,000 wg per 100 ml. in 2 
newborn infants, and in each case the 
mother had received iodophenoxic acid for 
cholecystography. It is interesting to note 
that in our cases the values were lower for 
the child than for the mother in Case 1, 
while the reverse is true in Case 2. The 
reason for this is not clear. Possibly, the rate 
of elimination of this iodinated dye may be 
slower in early infancy. 

The metabolic fate of Teridax has been 
studied by Perlman and co-workers.'* These 
investigators found that the dye, adminis- 
tered by mouth, was excreted mainly in the 
urine, and only small amounts were meas- 
ured in the feces. However, blood levels of 
Teridax dropped to zero within 24 hours 
after the ingestion of the drug, and the 
mean PBI value was only 12 yg per cent 
after 90 days. These results do not agree 
with our findings and with those of Ast- 
wood.’ We have no explanation for this dis- 
crepancy. 


SUMMARY 


The placental transfer of the cholecysto- 
graphic agent Teridax is demonstrated by 
the finding of very high and sustained levels 
of serum PBI in the offspring of mothers 
who had received this dye. Two cases are 
reported in which both mother and child 
had greatly elevated PBI and total iodine 
levels several years after the administration 
of this iodinated compound. A comparative 
review of other contrast media is briefly 
presented. 


We are grateful to Dr. E. B. Astwood, New 
England Center Hospital, Boston, Massachusetts, 


for his interest and cooperation. 
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Weston M. Kelsey, M.D.* 


WINSTON-SALEM, N. C. 


LittLe has been written about the diag- 
nosis of the syndrome of rheumatoid disease 
in the juvenile and even less about the fate 
of the child with it. It is recognized that the 
onset of rheumatoid arthritis in childhood 
differs considerably from that seen in the 
adult. The usual onset in the child has been 
well described by Gauchat and May,’ and 
more recently by Kelley.2, Qur experience 
agrees with theirs. The usual problem is one 
of unexplained high fever in a child who 
does not appear critically ill, who, in fact, 
may be joking and walking around at a 
time when he has a temperature of 105° F. 
Usually, there is a history that treatment with 
multiple antibiotics and salicylates has failed 
to reduce the fever. There may be either 
arthralgia or demonstrable arthritis. Fre- 
quently there may be an evanescent rash 
similar to that described by Gauchat and 
May. Last, carditis rarely, if ever, appears 
even with continuous fever and arthritis. 
Since so little is known about the prog- 


‘ in this syndrome, the clinical course 


nosis* 
of 46 children seen at the North Carolina 


Baptist Hospital on the Pediatric service with 
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Rheumatoid disease in juvenile patients 


the diagnosis of rheumatoid disease was re- 
viewed. There being no diagnostic test, the 
diagnosis remains a matter of clinical judg- 
ment. In general, the criteria were arthritis 
persisting for 2 months or longer and objec- 
tive clinical data confirming the activity of 
the process. Such data included persistent 
fever and a persistently and markedly 
elevated sedimentation rate. It is felt that 
bacterial infection, primary bone disease, 
tenosynovitis, and rheumatic fever were satis- 
factorily excluded by the course of the pa- 
tient and by appropriate laboratory studies. 
Many patients were seen months after the 
onset of the disease so that documentation 
of the details of the early symptoms were 
obtained by history. 

Although these patients had similar clini- 
cal patterns at the onset, their subsequent 
course fell into four groups. For the purpose 
of this review, the patients will be grouped 
according to the course they followed. The 
first group has developed crippling arthritis. 
The second group has had persistent evi- 
dence of activity but has not developed in- 
capacitating arthritis. The third group has 
entered a period of remission. The fourth 
group, a problem group, will be discussed 
later. Pertinent data are outlined in Table I. 


GROUP I 


Eight patients have become sufficiently in- 
capacitated that they are unable to attend 
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Table I 
Group I | Group II | GrouplII | GroupIV 

Total cases 8 (4 males) 21 (11 males) 7 (3 males) 10 (5 males) 
Familial rheumatoid disease 2 10 1 1 
Arthritis 8 21 7 9 
Prolonged fever } 12 5 10 
Erythema rheumatoides 3 5 4 3 
Nodules 0 l 0 0 
Splenomegaly 3 4 | 0 
Sedimentation rate above 40 8 21 6 10 

L.E. cells | 0 0 0 
A.S.O. titer above 333 0 0 1 0 
Nephritis 0 0 0 0 
Carditis ?1 0 0 0 


school. One of these was killed in a wreck. 
No single clinical feature in the first few 
months of the disease separated this group 
from the subsequent groups. Steady and 
rapid progression of the disease suggested a 
poor prognosis. The age at onset in this group 
varied from 27 months to 9 years. There 
was no severe anemia. In general, the white 
blood counts were moderately elevated at 
the onset of the disease, and there was a 
moderate increase in the polymorphonuclear 
cells. There was no clear evidence that ther- 
apy with large amounts of salicylates for a 
prolonged period was beneficial. Cortico- 
steroid therapy temporarily decreased the 
symptoms, but did not seem to alter the ulti- 
mate course of the disease. 

The course of one patient in this group 
illustrates the difficulty of diagnosis and 
prognosis. R. F. S. was a 9-year-old boy when 
he developed vague pains in the arms and 
legs in February, 1956. This persisted until 
May, 1956, when he began to have daily 
febrile episodes, his oral temperature usually 
reaching 105° F. Extensive studies in another 
hospital failed to reveal any evidence of in- 
fection. He did not respond to penicillin, 
chloramphenicol, and tetracycline. He was 
transferred to the North Carolina Baptist 
Hospital on May 29, 1956, at which time he 
did not although his 


seem critically ill, 


temperature was 105° F. He had arthralgia, 
but no objective evidence of arthritis. He 
had an evanescent, pink, multiform § rash 
which usually appeared in the afternoons and 


disappeared in the evenings. The spleen was 





palpable 2 cm. below the costal margin. The 
remainder of the physical examination was 
within normal limits. The erythrocyte count 
was 29,000 per cubic millimeter; 87 per cent 
Re- 
peated blood cultures and serologic studies 


were polymorphonuclear leukocytes. 
were negative. On this admission, lupus 
erythematosus cells were constantly present. 
At the time of admission he had a first- 
degree heart block. Aspirin in doses of 0.1 
Gm. per kilogram failed to reduce the fever. 
The symptoms disappeared when he was 
given 100 mg. of cortisone daily, orally, and 
except for occasional febrile episodes he re- 
mained symptom free for one year while on 
this dosage. In June, 1957, while on this 
therapy he again developed fever, arthritis, 
and a “rheumatoid” rash. Admission studies 
were as before except that no L. E. cells 
could be demonstrated. The electrocardio- 
gram was normal. From this point his con- 
dition rapidly deteriorated and by Novem- 
ber, 1957, he presented a classic picture of 
disabling rheumatoid arthritis. In March, 
1958, he was hospitalized in another state. 
According to the records from that hospital 
there was evidence that he had acute myo- 
carditis and lobar pneumonia. He recovered 
from this illness and again in October, 1958, 
had lobar pneumonia. He moved to another 
state in 1959, at which time, the pediatrician 


had 


reports, he had a murmur of questionable 
significance. improved 


The 
! 


markedly, but he was still on corticosteroid 


joints 


therapy and was obviously disabled. The 
diagnosis in this patient is a matter of con- 
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jecture; it might be that he had a mild form 
of lupus erythematosus or a severe form of 
rheumatoid arthritis. We felt that he did not 
have diffuse vascular disease since all of the 
8 patients we have had with diffuse vascular 
disease have had evidences of renal disease 
and none have survived as long as this pa- 
tient. 


GROUP II 


There were 21 patients in this group. All 
of them are able to lead a normal life, but 
have some stiffness of the joints. The follow- 
up on this group has not been totally satis- 
factory. Six have been followed for less than 
a year. Nine have been followed from 2 to 
5 years, and 6 have been followed from 5 to 
10 years. One patient had nodules. The age 
at onset varied from 2 to 12 years with a 
random distribution of ages. One patient 
had a perforated duodenal ulcer after 6 
months of aspirin therapy. One child, a 3- 
year-old boy with long-standing typical 
rheumatoid disease, had a prompt sympto- 
matic response when treated with aspirin. 
This is the only patient of the 46 who had 
a prompt and marked response to aspirin 
and this may have represented a coincidental 
spontaneous remission of the disease. It is 
striking that the differential diagnosis ‘of 
rheumatic fever was not a problem in this 
group. 

The case of J. C. D., who was approxi- 
mately 24% years of age when he developed 
pain in the hips and high fever, exemplifies 
one of the many variations of this syndrome. 
The first symptoms occurred in December, 
1945. Because of the swollen joints and fever, 
the family physician diagnosed rheumatic 
fever. Adequate amounts of aspirin, i.e., 0.1 
Gm. per kilogram per day, failed to relieve 
the symptoms, and he then developed mi- 
grating arthritis and arthralgia. He had 
multiple admissions to various hespitals for 
fever as high as 105° F. which was noted 
daily for as long as 52 consecutive days. 
He repeatedly failed to respond to aspirin 
therapy and to treatment with multiple anti- 
biotics. Symptoms disappeared spontane- 
ously in April, 1947. In December, 1947, he 
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again developed fever, and for the first time 
had a rash. No abnormalities were found on 
physical examination or in the laboratory 
studies except for the elevated sedimentation 
rate. After 11 weeks of fever in another 
hospital, he was referred to the North 
Carolina Baptist Hospital on March 3, 1948. 
The physical examination revealed a 
markedly febrile 5-year-old male with ar- 
thritis of the left wrist. He had a “rheuma- 
toid rash.” There was fusiform swelling 
of the fingers on both hands. The remainder 
of the physical examination was normal. 
The sedimentation rate was 52. Multiple 
studies failed to reveal any other abnor- 
malities. He was treated with massive sali- 
cylate therapy, enough to raise the blood 
level to 30 mg. per cent, for 3 weeks in the 
hospital without any effect. He was followed 
on sodium salicylate therapy for the next 5 
years. He had no incapacitating arthritis dur- 
ing this period, but did occasionally have 
unexplained fever of 101° to 103° F. He 
then developed another continuous febrile 
episode in October, 1954, and was read- 
mitted. There were no positive physical find- 
ings except an oral temperature of 105° F. 
and minimal limitation of movement of one 
knee. Again, the sedimentation rate was 52, 
and, again, a careful search disclosed no 
evidence of bacterial disease. He failed to 
respond to salicylate therapy but became 
afebrile when given 100 mg. of cortisone 
daily, orally. He was followed at the North 
Carolina Baptist Hospital through March, 
1955. During this entire period he had re- 
current fever which was not relieved by 
doses of corticosteroids which were low 
enough to prevent Cushing’s syndrome. 
During this period he had occasional ar- 
thralgia but no objective evidence of ar- 
thritis. The clinical manifestations gradually 
became quiescent until December, 1959, 
when he again developed hectic fever and 
generalized arthralgia. There was minimal 
objective evidence of arthritis, particularly 
in the fingers. The symptoms could be con- 
trolled only by amounts of corticosteroids 
which produced Cushing’s syndrome. Ac- 


cording to the family physician, there is still 
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no evidence of any involvement of any sys- 


tem other than the joints. It is striking that 
this child has had multiple prolonged febrile 
episodes for a period of 14 years, during 
which he has had repeated arthralgia and 
arthritis, but at the present time, although 
the process is still active, he has no evidence 
of disabling or ankylosing arthritis. 


GROUP III 


Seven children are apparently well. They 
have been without symptoms for at least 
2 years and have maintained normal sedi- 
mentation rates. Brief descriptions of some 
of the clinical courses will be given. 

1. L. C. M., an 8-year-old girl, became 
febrile in May, 1955, and promptly de- 
veloped a painful, swollen right knee. The 
fever and arthritis disappeared without 
therapy. One year later, in May, 1956, she 
again developed high fever and stiffness of 
the neck. The fever and arthralgia were not 
relieved by therapy with multiple antibiotics 
or aspirin. She then developed an evanescent 
rash and generalized arthralgia without 
obvious arthritis. She was admitted to the 
North Carolina Baptist Hospital in June, 
1956, at which time she had a temperature 
of 105° F. Physical examination disclosed 
only the rash and minimal splenomegaly. 
The white blood count was 23,000 per cubic 
millimeter, 75 per cent of which were poly- 
morphonuclear leukocytes. The sedimenta- 
tion rate was 38. No evidence of bacterial 
infection, cardiac disease, or renal disease 
was present during the 3 weeks she was in 
the hospital. She failed to respond to aspirin 
therapy but cortisone relieved all symptoms. 
She received cortisone for a month. This 
was discontinued and she had an exacerba- 
tion of all her previous symptoms 12 days 
later. Cortisone was given until January, 
1957, when it was discontinued because she 
was asymptomatic. Minimal arthralgia in 
one ankle persisted for a month; she has been 
asymptomatic for a period of three years. 

2. J. P. B., an 8-year-old boy, developed 
painful swollen knees without fever in 
December, 1957. The arthritis improved 
without therapy. In May, 1958, he had an 
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exacerbation with high fever and involve- 
ment of both knees and both elbows. He 
was admitted one week later at which time 
he was afebrile. He had swelling and tender- 
ness of the proximal phalanges, and of the 
wrists. He had erythema multiforme. The 
sedimentation rate was 54. He had beta 
hemolytic streptococci in the throat. The 
antistreptolysin O titer was 1,250 Todd 
units. The C-reactive protein was 2 plus. 
There were neither tachycardia nor mur- 
murs. Three electrocardiograms were normal. 
The joint symptoms cleared over a period of 
weeks while he was receiving aspirin. His 
last complaint of joint pain was in August, 
1958; since then he has had no further 
symptoms. : 

3. K. L. B. was 6 years old when he de- 
veloped high fever and migratory joint pain 
in October, 1954. Treatment with multiple 
antibiotics and aspirin failed to relieve these 
symptoms. He was seen by a cardiologist 
who made a diagnosis of rheumatic fever. 
He was admitted to the North Carolina 
Baptist Hospital in January, 1955, at which 
time he still had hectic fever and a typical 
rheumatoid rash. Both elbows, knees and 
ankles were swollen and tender. There was 
no evidence of carditis. The leukocyte count 
was 22,000 per cubic millimeter; 77 per cent 
were polymorphonuclear leukocytes. The 
sedimentation rate was 58. The serum 
globulin level was 4.7 Gm. He was treated 
with aspirin but had exacerbations of the 
rash, fever, and arthritis through June, 1955, 
when he was last seen by us. Letters from 
the mother and the family physician indi- 
cated that all of his symptoms disappeared 
in 1957; since then he has apparently been 
well. 

4. B. S. L. was 3 years old when she de- 
veloped multiple arthralgia without fever in 
December, 1952. In January, 1953, both 
wrists became swollen and tender. During 
this period there was no detectable fever 
and the sedimentation rate remained within 
normal limits. Aspirin failed to relieve the 
arthritis which then responded to cortisone. 
She was seen in March, 1953, at the North 
Carolina Baptist Hospital at which time she 
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was on cortisone therapy and no abnormal- 
ities were found. The cortisone was stopped 
and she developed swelling of the right 
wrist and the right ankle 10 days later. 
Again, the sedimentation rate was 5 mm. 
per hr. The arthritis persisted until June, 
1953; she has had no complaints since then. 
She is the only patient of the 46 who has 
had a normal sedimentation rate. 

5. D. M. D. was 4 years old when she 
developed a temperature of 104° F. and 
stiffness in the neck in December, 1952. 
After 2 weeks of high fever which failed to 
respond to antibiotics and aspirin, she was 
admitted to the North Carolina Baptist 
Hospital in January, 1953. The only ab- 
normality on physical examination was the 
high fever. She responded slowly over a 
period of 5 days when given aspirin. The 
sedimentation rate was 50. She did not have 
tachycardia and no murmurs were heard. 
The electrocardiogram was _ repeatedly 
normal. The antistreptolysin O titer never 
went above 250 Todd units. She gradually 
recovered although the sedimentation rate 
was still 37 mm. per hour 2 months after 
the onset of the complaints. She remained 
well until January, 1959, when she developed 
mild Sydenham’s chorea. At that time she 
had no evidence either of active rheumatic 
fever or of rheumatic heart. disease. The 
sedimentation rate at that time was 9. The 
antistreptolysin O titer was 125 Todd units. 
The C-reactive protein was negative, as was 
the latex agglutination test. Electrocardio- 
grams and x-rays of the heart were normal. 
It is impossible to decide whether the first 
illness in this child represented rheumatoid 
arthritis or rheumatic fever. The poor re- 
sponse to aspirin, the lack of evidence of 
carditis, the unusual joint involved, the low 
ASO titer, and the persistence of the elevated 
sedimentation rate without accompanying 
development of other signs and symptoms 
of rheumatic fever do not favor this diag- 
nosis. 


GROUP IV 


There were 10 patients in this group 
whose illness began with unexplained high 
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fever and an elevated sedimentation rate 
which remained elevated for at least 2 
months. The evidence of definite arthritis 
was minimal. It should be emphasized that 
many similar cases have been seen which 
have not been coded as possible rheumatoid 
arthritis, and so cannot be found in the files. 
Nine of the 10 patients considered here had 
identical clinical patterns. The tenth pa- 
tient cannot be located, but there is reason 
to believe that she has died. This one pa- 
tient was followed both at the North Caro- 
lina Baptist Hospital and in another teach- 
ing institution. During a 9-month period of 
observation she had persistent high fever 
and a recurrent rash typical of rheumatoid 
disease. The sedimentation rate was markedly 
elevated during the entire period. During 
these 9 months there was no evidence of 
carditis, nephritis, or involvement of any 
other systems. Since there is reason to think 
that she eventually died of her disease, one 
would have to suspect that she may have 
developed a diffuse vascular disease. A 
history of arthralgia could be obtained only 
on specific questioning in the remaining 9 
cases. The mother of one of these children 
had rheumatoid arthritis. Three of the 9 
children had a history of a skin rash com- 
patible with the typical one of rheumatoid 
arthritis. The ages of these children ranged 
from 2 to 8 years. Unexplained fever, un- 
responsive to multiple antibiotics and aspirin, 
was the cause of admission of all of these 
children. The duration of symptoms varied 
from 2 to 30 months. Only one patient had 
symptoms for more than 6 months. Multiple 
studies in all of them have failed to reveal 
any source of infection. All recovered with- 
out therapy and have remained well for 
at least one year. 


DISCUSSION 


The original purpose of this review was 
to see if there was anything in the early 
clinical course of the child with apparent 
“juvenile arthritis” which would allow one 
to predict the subsequent course. Nothing 
could be detected in the first months of the 
disease which would enable one to predict 
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thé ultimate outlook. Generally, the patient 
who developed enlargement of the phalanges 
within the first 6 months of the illness tended 
to have a poor outlook. There was no re- 
lation between a family history of rheumatoid 
arthritis and the prognosis in a given patient. 
There was no difference concerning age, sex, 
or time of onset. There was no correlation 
with the presence of a typical rash or spleno- 
megaly. Laboratory studies bore no relation- 
ship to the ultimate outlook. The one patient 
in whom lupus erythematosus cells were 
demonstrated did poorly. The courses of the 
patients were so variable that it is obvious 
that the interpretation of drug therapy be- 
comes almost impossible. 

For these children who present with un- 
explained fever usually two general groups 
of diagnoses were considered. The first, be- 
cause of the possibility of therapy, was ob- 
scure bacterial disease. The second was some 
type of “collagen” disease. 

It is immediately suspected that none of 
the usual bacterial diseases were present 
since they had failed to respond to treat- 
ment with many antibiotics. These children 
did not seem as prostrated as a child usually 
is when he is febrile as a result of bacterial 
infection. The frequent elevation of the 
white blood count with an increase in the 
polymorphonuclear leukocytes favored bac- 
terial disease. However, when blood cultures, 
urine cultures, and throat cultures failed 
to reveal pathogenic organisms, and serologic 
studies were negative, it became obvious that 
some other process was present. 

Failure to demonstrate renal, cardiac, 
pulmonary, and hematologic disease made 
the diagnosis of diffuse vascular disease un- 
tenable. 

The differentiation from rheumatic fever 
in the first months of the disease was diffi- 
cult. In this period the most valuable dif- 
ferential point has been the initial response 
to aspirin therapy. All of our patients who 
have had active rheumatic fever have had a 
prompt response within 24 hours when given 
0.1 Gm. of aspirin per kilogram per day as 


a diagnostic test. Only one patient in this 
series with rheumatoid disease has had a 
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similar response. It should be mentioned that 
the use of enteric-coated salicylates does not 
constitute an adequate trial, since frequently 
the absorption of salicylates is poor. The 
antistreptolysin O titer has been helpful. 
Only one of this group has had such an 
elevated titer, although patients with active 
rheumatic fever usually do. The absence of 
carditis in patients who have had active dis- 
ease for longer than a month as measured 
by fever and the sedimentation rate has 
been helpful. In patients with active rheu- 
matic fever with persistent fever and ar- 
thritis, either clinical or laboratory evidences 
of myocardial or endocardial involvement 
almost always develop after a month of 
persistent activity. None of our patients who 
have presented a problem in diagnosis, who 
have gone for 4 weeks with active disease 
without the development of carditis, have 
subsequently been proved to have rheumatic 
fever. With the use of these clinical guides, 
none of our patients who have had the 
diagnosis of rheumatic fever have subse- 
quently developed chronic arthritis. None of 
the patients who have initially been sus- 
pected of having rheumatoid disease have 
subsequently developed evidences of rheu- 
matic fever or rheumatic heart disease. 

The fourth group is the difficult one, since 
these patients have developed neither perma- 
nent arthritis nor heart disease. Here the 
diagnosis must remain indefinite. One phy- 
sician might feel that these patients have 
had mild rheumatic fever without carditis 
and without recurrence. In the absence of a 
specific test, one might prefer to say that 
they had mild rheumatoid disease which has 
either disappeared or gone into a period of 
remission. 

None of the patients reported upon here 
have had a positive latex fixation test for 
the rheumatoid factor. This has been the 
experience of others working with children.” 
Recent modifications of this test suggest that 
the factor may be present in children with 
rheumatoid disease.® Since there is no specific 
test at the present time, it would probably 
be best to join the “lumpers” and say that 
the patients fitting into the pattern which 
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has been discussed probably represent vari- 
ations in a single syndrome rather than 
separate entities. Thus, although one could 
not predict the ultimate outlook, it seems 
wise to assume that all children who have 
prolonged fever, a persistent elevation of 
the sedimentation rate, and either arthralgia 
or arthritis without evidence of other system 
involvement probably have the syndrome of 
rheumatoid arthritis or rheumatoid disease. 
In patients in whom the arthritis primarily 
involves the small joints, the likelihood is 
even greater. 


SUMMARY 


The clinical course of 46 children with 
rheumatoid disease has been reviewed, along 
with the differential diagnostic problems 
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which have been encountered. The variable 


and unpredictable course of the syndrome 
has been stressed. 
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Congenital hemangioma with thrombocytopenia 


David H. James, Jr., M.D.,* and Arliss H. Tuttle, M.D. 


WEST MEMPHIS, ARK. 


T HE association of marked thrombocyto- 
penia with large hemangiomas was first 
recognized in 1940. At that time Kasabach 
and Merritt’ reported a case of capillary 
hemangioma with extensive purpura and de- 
creased platelets in a small infant. The tumor 
subsided and the platelet count returned to 
normal after intensive x-ray and radium 
treatment plus other supportive measures. 

In the decade following this original report 
there were only two similar cases recorded.* * 
However, since 1951 the hemangioma-throm- 
bocytopenia syndrome has been recognized 
more frequently and by 1961 approximately 
twenty cases'""* had appeared in the English 
literature. 

The following report again emphasizes the 
relationship of the thrombocytopenia and the 
hemangioma. The prompt response to irra- 
diation is also demonstrated and the lack of 
effect of steroids and platelet transfusions on 
the thrombocytopenia is noted. 


CASE REPORT 


R. S. was born by spontaneous delivery on 
Sept. 24, 1960, at Crittenden Memorial Hos- 
pital, West Memphis, Arkansas, after a full- 
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term, uncomplicated pregnancy. His birth 
weight was 6 pounds, 12% ounces. Respira- 
tion was established spontaneously and the 
cry was immediate. 

Initial examination revealed an area of 
bluish discoloration over the left mandible. 
This measured 5 by 2 cm. and extended an- 
teriorly from the region of the left parotid 
gland. No mass was felt beneath this dis- 
colored area. The remainder of the examina- 
tion was within normal limits. 

It was felt originally that the discolored 
area represented a contusion. During his stay 
in the nursery the blueness appeared to be 
fading. He was discharged on the third day 
of life in good condition. 

Three days following discharge the infant 
was seen as an outpatient for re-evaluation. 
At that time, it was noted that a mass had 
developed beneath the bluish area over the 
left mandible. This mass measured 4 by 2 by 
2 cm. and was soft and nontender. Physical 
examination otherwise was normal. Labora- 
tory examination revealed a hemoglobin of 
16.4 Gm. per cent, a white blood cell count 
of 14,800 per cubic millimeter with 43 per 
cent segmented neutrophils, 50 per cent 
lymphocytes, 2 per cent monocytes, and 5 
per cent eosinophils. Examination of the 
smear revealed the platelets to be adequate 
in number (2 to 8 per oil immersion field). 

It was the impression at this time that the 
mass represented either a hemangioma or 
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hemangioendothelioma. Because of the rapid 
appearance of the mass over a 3 day period, 
the infant was referred to a plastic surgeon 
for further evaluation. 

The infant was followed as an outpatient 
in the surgeon’s office for about 9 days. Dur- 
ing this time, the mass increased in size 
slowly but progressively. However, on Oct. 
10, 1960 (when he was 16 days old), it was 
noted that the mass had increased markedly 
in size and that there had been considerable 
hemorrhage into and around it. For this rea- 
son, the infant was admitted to the Baptist 
Hospital in Memphis, Tennessee, for further 
observation and treatment. 

Hospital course. Physical examination on 
admission revealed a large (7 by 4 by 2 cm.) 
mass over the left mandible. The skin over 
the mass was blue and there were numerous 
petechiae and several small ecchymotic areas 
in the surrounding skin. There was also a 
moderate amount of edema in the adjacent 
soft tissue of the face and neck. Otherwise 
the examination was within normal limits. 

Laboratory tests revealed a hemoglobin of 
13.0 Gm. per cent, a white blood cell count 
of 9,700 per cubic millimeter with 41 per 
cent segmented neutrophils, 1 per cent 
bands, 3 per cent eosinophils, 50 per cent 


lymphocytes, and 5 per cent monocytes. 
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There were only 28 platelets per 100 oil im- 
mersion fields. The bleeding time was 10 
minutes, and the clotting time was 2 minutes. 
Urinalysis was normal. X-ray examination 
of the left mandible revealed only soft tissue 
swelling without any abnormality of the 
bone. 

Since the infant was in good general condi- 
tion, it was decided to proceed with conserva- 
tive treatment. Therefore, he was started on 
Medrol (methylprednisolone) by mouth. 
Initially he was given 4.0 mg. every 8 hours 
and on the fourth hospital day this was re- 
duced to 2.0 mg. every 8 hours. He was also 
given transfusions of concentrated platelets 
(40.0 c.c.) on the third, fifth, and seventh 
hospital days. 

While he was receiving this conservative 
treatment for one week, the mass increased 
progressively in size. New petechiae and 
ecchymotic areas appeared over the entire 
left side of the face and neck, including the 
periorbital region and the left temporal area. 
There also developed marked swelling of the 
left submandibular region. The platelet 
count dropped below 10 per 100 oil immer- 
sion fields. 

Because of the progression of the tumor 
with conservative treatment, and the poten- 
tial danger of further hemorrhage or ob- 
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Fig. 1. This graph illustrates the return of the platelet count to normal following 
irradiation. The failure of platelet transfusions and steroid therapy is also demon- 


strated. 
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Fig. 2. This picture shows the appearance of the 
tumor about one week following the completion 
of the irradiation. 


struction of the airway, it was decided to 


irradiate the mass. A total of 1,200 r was 
given to the left cheek and mandibular area 
over a 4 day period (Fig. 1). After 900 roent- 
gens had been given, it was noted that the 
mass had begun to decrease in size and the 
swelling and petechiae around it were sub- 
siding. 


Eleven days after the irradiation had been 
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completed the platelet count began to rise 
(74 per 100 oil immersion fields) and during 
the next 7 days rose to normal (411 per 100 
oil immersion fields). The mass became 
progressively smaller and softer (Fig. 2). 
The infant was discharged on the twenty- 
eighth hospital day (Nov. 7, 1960) to be fol- 
lowed in the office. 

Posthospital course. Following discharge 
the mass continued to decrease in size and 
the discoloration progressively faded. The 
platelet count remained normal and there 
was no further bleeding. His general condi- 
tion remained good. 

At 4% months of age the mass had sub- 
sided completely and there was only very 
slight bluish discoloration over the left man- 


dible (Fig. 3). 
DISCUSSION 


In the early case reports there was much 
speculation concerning the nature of the 
thrombocytopenia in this condition. Even as 
late as 1959 Dargeon** mentioned the possi- 
bility that the simultaneous occurrence of 
the hemangioma with low platelets might be 


: 


Fig. 3. A and B. These pictures show the infant at 4% months of age. The tumor has subsided 


completely. 
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coincidental. However, as more cases have 
accumulated, it has become generally ac- 
cepted that there is an intimate relationship 
between the size of the tumor and the level 
of thrombocytes in the peripheral blood, and 
that this does represent a definite clinical 
syndrome. 

In support of the idea that this is a definite 
syndrome has been the finding of platelet 
thrombi in sections of the tumors.® More re- 
cently, Gilon and associates’? have demon- 
strated that simultaneous platelet counts 
from the tumor and the peripheral blood 
show a much higher concentration of plate- 
lets in the tumor blood vessels. And, in the 
present case, it has been shown that trans- 
fusions of fresh, concentrated platelets failed 
to alter the platelet count. 

All of these observations support the opin- 
ion of Southard* and Good® that in this 
condition platelets are sequestered, utilized, 
and destroyed within the tumor. 

Although this condition has generally been 
considered to be limited to infancy, there has 
been a recent report" of a 13-year-old girl 
with thrombocytopenia associated with mul- 
tiple hemangiomas. Perhaps this may be one 
explanation of some of the rare idiopathic 
thrombocytopenias of older children and 
adults. 

Irradiation of the hemangioma has been 
considered to be the treatment of choice and 
its results have usually been quite gratifying, 
as in the present case. Splenectomy produced 
dramatic results in one case,® but is not 
recommended because of the potential serious 
operative and postoperative risks involved.’* 
Steroids were felt to be of definite supportive 
value in at least one case’® and may have 
helped prevent more extensive bleeding in 
the present one. 


SUMMARY 


A case of congenital hemangioma with 
marked thrombocytopenia is reported. 

The etiology of the thrombocytopenia in 
this condition is briefly discussed. 

The use of steroids and platelet transfu- 
sions had no effect on the size of the heman- 
gioma or on the platelet count. 
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Irradiation of the hemangioma resulted in 
a prompt decrease in the size of the tumor. 
This was followed by a return of the platelet 
count to normal. 
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A case of hemangioma with thrombocytopenia 


in the newborn infant treated by total excision 


Review of the literature 
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In 1940, the association of thrombocy- 
topenia and hemangioma was first reported 
by Kasabach and Merritt. The striking fea- 
ture in this case, as well as in all cases, is 
the marked bleeding tendency. This is ap- 
parently related to the degree and severity 
of the thrombocytopenia. Medical literature 
contains the reports of 22 cases.’ In 17 
patients, the causative hemangioma was 
present at birth or was noted within the 
first 2 weeks of life.*-'* In 3 instances, the 
lesion appeared between 242 months and 18 
months of age.'*-'® The remaining 2 were ex- 
ceptions and the lesion did not appear until 
late childhood. One was a girl with multiple 
hemangiomas present since birth. At the age 
of 13, she became symptomatic, with the ap- 
pearance of new hemangiomas at the sites of 
old ones removed surgically.2, The other 
was a 15-year-old girl who developed throm- 
bocytopenia secondary to an expanding ret- 
roperitoneal hemangioma."* In the infants, 
there was an average time lag of approxi- 
mately 8 weeks between the appearance of 
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the hemangioma and the onset of the bleed- 
ing tendency. Multiple hemangiomas have 
been seen in 4 cases.***® Robinson® de- 
scribed one case, treated by x-ray. This and 
the present case are the only instances of the 
associated thrombocytopenia becoming mani- 
fest in the newborn period. 

For the most part, the lesions appear to 
resemble many that are seen in the course 
of routine pediatric practice. They are de- 
scribed as the typical involutionary type of 
hemangioma depicted by Lampe and La- 
tourette’? in their excellent review of the 
subject of juvenile hemangioma. A disturb- 
ing factor in 6 of the cases of hemangioma 
with thrombocytopenia was a sudden massive 
spread and/or enlargement of the heretofore 
“benign” lesion.*: ** *° This marked the on- 
set of the thrombocytopenia in all of these. 
Five deaths have been recorded,* * '° **' 
but only 2 were directly related to the asso- 
ciation of hemangioma with thrombocyto- 
penia.**’® In all patients, however, throm- 
bocytopenia was present at the time of death 
and probably represented at least a strong 
contributing factor. The incidence does not 
appear to be different in the two sexes, as 
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there have been 9 males and 9 females; the 
sex was not mentioned in 4 cases. 

The present case is submitted as the sec- 
ond recorded instance wherein thrombo- 
cytopenia secondary to a hemangioma has 
developed in the newborn period. To our 
knowledge it is the first case treated by total 
surgical excision. 


CASE HISTORY 


The patient, a female infant weighing 8 
pounds and 134 ounces, was delivered at 
term on Jan. 9, 1960, of a gravida v, para i, 
white woman who had had three abortions. 
The prenatal course was unremarkable. La- 
bor was complicated by a brow presentation 
which spontaneously converted to a face, 
right mentum anterior. Delivery was then ef- 
fected by low forceps without complication. 
Both mother and infant had Type O, Rh- 
positive blood. 

Initial physical examination revealed a 
large (4.5 cm. in diameter), elevated (1.5 
cm.) hemangiomatous mass, deeply purple 
in color, firm and slightly movable on a soft 
tissue base, over the proximal inner anterior 
aspect of the right thigh. No bruit was pres- 
ent over the mass. The adjacent skin was 
essentially normal except for a few scattered 
superficial venules about the upper thigh. 
The skin was sharply demarcated from the 
mass by tightly spaced veins of uniform size 
and length (approximately 2 to 3 mm. in 
diameter and 1 cm. in length) which arose 
abruptly almost at right angles to the skin 
surface. These veins were arranged in a wall- 
like palisade about the entire 13 cm. circum- 
ference of the circular mass. The almost flat, 
rooflike surface was mottled purple in color 
and free of venules. Physical examination 
was otherwise unremarkable. 

The surgical consultant felt that the mass 
was potentially malignant and that it should 
be excised. During preoperative investiga- 
tion, the lession became tensely distended. 
The heretofore almost insignificant venules 
scattered about the upper thigh became 
more prominent, especially distally. A coagu- 
lation defect became manifest with a bleed- 
ing time of 8 minutes and poor clot forma- 


Total excision—hemangioma with thrombocytopenia 239 


tion. Platelet count was 90,000 per cubic 
millimeter. The thrombocytopenia continued, 
with a platelet count of 30,000 at 92 hours 
of life. Platelet-enriched plasma was admin- 
istered with a return of bleeding time to nor- 
mal for a period of 2 hours without altera- 
tion of the platelet count (Fig. 1). 

One-half hour prior to operation, the pa- 
tient received a second platelet-enriched 
plasma transfusion. At this time, slight bleed- 
ing per vaginam was observed. At 116 hours 
of life, the patient underwent total excision 
of the mass under open drop ether anes- 
thesia. During the operative procedure, the 
bleeding time was within normal limits and 
excessive bleeding was not encountered. The 
bleeding time never exceeded 5% minutes 
following operation. Whole blood (90 c.c.) 
was administered during the operative pro- 
cedure. 

The postoperative course was unremarka- 
ble. There was an abrupt rise in the platelet 
count to normal range on the second post- 
operative day. Bleeding per vaginam ceased 
36 hours following the operation. The pa- 
tient was discharged on the tenth day of 
life. Following discharge, platelet counts 
were obtained at weekly intervals for 4 
weeks and at monthly intervals thereafter. 
At 3% weeks of age, the platelet count was 
324,000 and has remained approximately 
the same since. All platelet counts were per- 
formed in duplicate; the differences were in- 
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Fig. 1. Response of patient to platelet-enriched 
plasma transfusions and operation in regard to: 
(1) platelet count; and (2) bleeding time. 


*Time of the first platelet-enriched plasma transfusion. 


+Time of the second platelet-enriched plasma transfu- 
sion and (%4 hour later) the beginning of operation. 
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significant. Bone marrow was not obtained 
prior to or subsequent to the operation. 
Histologic description. The tumor re- 
vealed marked endothelial proliferation in- 
volving the entire dermis and subcutaneous 


tissue. The vascular pattern was obliterated 
by massive hemorrhage within the tumor. 
A section of a nutrient vessel had a thick- 
ened, calcified wall. The diagnosis was in- 
fantile hemangioma with hemorrhage. 


DISCUSSION 


Too few cases of hemangioma with throm- 
bocytopenia have been reported to predict 
the outcome of the condition under various 
therapeutic regimens. Though the response 
to therapy is quite unpredictable, when im- 
provement occurs it is rather rapid and dra- 
matic. From previous reports, ,an orderly 
threefold response of (1) disappearance of 
the bleeding tendency; (2) rise in platelet 
count to within normal limits; and (3) evi- 
dence of regression of the lesion took place 
often in less than 7 days. This sequence of 
events has transpired regardless of the mode 
of treatment. 

Within 48 hours following surgical exci- 
sion of the hemangioma, our patient was 
well. In some cases in the literature, the re- 
sponse occurred more gradually over a pe- 
riod of weeks and apparently represented an 
acceleration of the natural tendency of these 
lesions toward regression. 

Of the 22 reported cases, 16 were treated 
by irradiation. Only 3 were rapidly and per- 
manently cured by this method alone." * '* 
Yet, these represent the largest number of 
cures by any therapeutic regimen thus far 
attempted. To these 3 cases, perhaps, one 
could add another® which combined the use 
of x-ray and cortisone with excellent results. 
Roentgen radiation, on occasion,® has pro- 
duced a temporary, orderly sequence of re- 
gression of the bleeding time, thrombocy- 
topenia, and hemangioma, only to be fol- 
lowed by the recurrence of a resistant, com- 
pletely unresponsive lesion with thrombo- 
cytopenia and associated symptoms. In none 
of the cases found thus far was total excision 


feasible. 
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Splenectomy has been performed in 6 pa- 
tients* 7 * *% 3 but on only one occasion 
was associated with a rapid and permanent 
disappearance of the bleeding tendency, a 
return to normal of the platelet count, and 
evidence of regression of the hemangioma. 
These effects may have been enhanced by 
concomitant cortisone therapy.® 

Meticorten in conjunction with x-ray re- 
sulted in very rapid resolution in one in- 
stance.’ This particular case is of special 
interest in that there was an apparent re- 
bound of the platelets with thrombocytosis. 

There were 4 patients with multiple he- 
mangiomas. Two of these had single lesions 
excised with disastrous consequences, resulting 
in the death of one,’® and severe, prolonged 
hemorrhage in the other.’ The latter of these 
recovered very rapidly following onset of 
thrombophlebitis. No further explanation of 
the rapid response was given in this case. 
The third case of multiple hemangioma with 
thrombocytopenia was unique in that ade- 
quate x-ray therapy resulted in the rapid 
appearance of a multitude of new scattered 
lesions. This phenomenon occurred on two 
occasions without otherwise altering the nat- 
ural course of the disease. The resultant 
hemangiomas and _ thrombocytopenia _re- 
solved spontaneously but slowly.* A fourth 
patient received no treatment and died at 
home. The cause of death was not deter- 
mined. 

Platelet-enriched plasma was given in only 
2 instances. This caused no alleviation of 
symptoms in the first case. In our case, a 
definite return of bleeding time to normal 
occurred for a 2-hour period following 
platelet-enriched plasma transfusion with no 
significant alteration of the platelet count. 
It is unfortunate that the precarious condi- 
tion and small size of our infant made fur- 
ther coagulation studies and further assess- 
ment of platelet function impossible at that 
time. 

Pathophysiology. The basic underlying 
cause of this condition remains speculative. 
Too few biopsies have been obtained to 
draw definite conclusions. Platelet thrombi 
have been observed in the hemangiomas and 
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in the spleen.’* Diminished platelet fragility 
has been found in platelets obtained from 
the peripheral circulation.* Platelet counts 
from blood obtained from the hemangioma 
are reported to be consistently higher than 
those obtained from the peripheral circu- 
lation.” 

Regardless of the basic etiology, invaria- 
bly the platelets return to normal upon re- 
gression or removal of the hemangioma. 
This is true whether tumor destruction is 
brought about or hastened by radiation, 
splenectomy, steroids, total excision, throm- 
bophlebitis, or by spontaneous remission. 

Treatment. Treatment has not been uni- 
form. In spite of this, we feel that the fol- 
lowing principles are of importance: 

1. Total excision should be a first con- 
sideration if it is operatively feasible, and 
provided a thorough examination including 
radiographic bony survey for the other pos- 
sibility of lesions has been negative. A he- 
mangioma should not be excised if inoper- 
able lesions are detected.® 

2. If operation is not practical, roentgen 
therapy may be considered. 

3. A brief course of steroid therapy plays 
a useful role as an adjunct to roentgen ther- 
apy; the combination probably represents the 
least dangerous therapeutic measure.*: * °™ 

4. Siliconized and _ plastic equipment 
should be used for multiple transfusions of 
fresh whole blood and/or platelet-enriched 
plasma. The latter should be administered 
immediately prior to any operation. 


SUMMARY 


The second case of hemangioma with 
thrombocytopenia in the newborn period has 
been described. In the therapy of this con- 
dition, a transient 2-hour return of the 
bleeding to within normal limits was noted 
following transfusion of fresh platelet-rich 
plasma on 2 occasions without significant 
elevation of the platelet count. Definitive 
therapy consisted of surgical excision alone. 
This resulted in (1) immediate and perma- 


nent correction of the bleeding tendency 


and (2) permanent return of the platelet 
count to normal within 48 hours. This is 
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the most rapid correction of thrombocyto- 
penia associated with hemangioma recorded 
in the literature. It would seem to add fur- 
ther evidence to the assumption that he- 
mangioma and thrombocytopenia are caus- 
ally related. 


We wish to commend Peter W. Hoagland, 
Captain, MC, USA, who skillfully performed 


the operation in this case. 
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Hemangiomas of the small bowel in children 


Report of a case and review of the literature 


Peggy J. Copple, M.D.,* and Richard A. Kingsbury, M.D. 


PORTLAND, ORE. 


VASCULAR tumors of the small intestine 
are comparatively rare and are uncommonly 
seen in childhood. They are almost univer- 
sally benign in their cellular structure but are 
dangerous because they may produce gastro- 
intestinal bleeding or obstruction of the in- 
testinal lumen. The following case is pre- 
sented as an illustration of the repeated ex- 
aminations and procedures which may be 
necessary to detect such lesions as one of the 
causes of gastrointestinal bleeding in children. 

The patient was a 5-year-old white male 
who entered Doernbecher Memorial Hospital 
for Children on Aug. 19, 1960, for evalu- 
ation of persistent anemia of 2 years’ dura- 
tion. 

The first episode of bleeding occurred in 
December, 1957, with epistaxis which ceased 
spontaneously, followed by melena. Later the 
same month, the patient had hematemesis 
of more than | cup of bright red blood. The 
hemoglobin was 4 Gm. per cent, so the pa- 
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tient was hospitalized and given a trans- 
fusion of whole blood. Barium contrast x-ray 
studies of the esophagus, stomach, and duo- 
denum were normal. The prothrombin time 
was normal. 

Two months later, a bout of tonsillitis was 
followed by vomiting of blood. The hemo- 
globin was 5 Gm. per cent, so the patient was 
given 1 unit of whole blood and transferred 
to Doernbecher Hospital for evaluation. 

Physical examination showed congenital 
shortening of the right forearm, a left super- 
numerary digit, and a Grade 3 systolic 
murmur in the aortic area. The heart mur- 
mur and quality of the peripheral pulses were 
thought to be characteristic of congenital 
aortic stenosis. No skin hemangiomas were 
noted. A complete examination of the nose 
and throat was negative. The hemoglobin 
was 8.2 Gm. per cent, the white blood count 
and differential were normal, and the reticu- 
locyte count was 4 per cent. A survey of the 
adequacy of coagulation, including bleeding 
time, coagulation time, clot retraction, 
tourniquet test, prothrombin time, partial 
thromboplastin time, prothrombin-procon- 
vertin time, and proaccelerin time revealed 
no abnormalities. Examination of the bone 
marrow showed only hyperplasia of the 
erythrocytic series. Complete barium x-ray 
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examination of the esophagus, stomach, duo- 
denum, and intestine was negative. Exami- 
nation of a string swallowed by the patient 
showed no locus of bleeding. Sigmoidoscopy 
was negative. 

The patient continued to pass 2 to 4 plus 
guaiac-positive stools and the hemoglobin 
remained low; hence on March 3, 1958, ex- 
ploratory laparotomy was performed. The 
serosal surface of the entire gastrointestinal 
tract was examined and no abnormalities 
were seen. The gastric mucosa was visualized 
through a gastrotomy incision, and sigmoido- 
scopic examination from the _ cardioeso- 
phageal junction to the duodenum revealed 
no site of bleeding. The postoperative course 
was uneventful and without further bleeding. 
The hemoglobin remained around 9 Gm. 
per cent and the patient was discharged | 
month following operation. 

There were no interim symptoms of gastro- 
intestinal bleeding. The patient was re- 
admitted in October, 1959, because of re- 
current syncopal attacks. Surgical correction 
of the aortic stenosis was performed without 
difficulty. The postoperative course was 
complicated by the passage of tarry stools 
and persistent anemia. On Nov. 17, 1959, the 
patient vomited bright red blood on two oc- 
casions, lowering the hematocrit to 26 per 
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cent; a blood transfusion was given. Three 
days later, spontaneous epistaxis occurred 
and responded promptly to bilateral com- 
pression of the nares. Five days later, a re- 
currence of the epistaxis ceased spontane- 
ously. A thorough examination of the naso- 
pharynx again revealed no site of bleeding 
and no telangiectasia was seen. Two weeks 
later, on Dec. 9, 1959, the patient experi- 
enced massive epistaxis from the left nostril 
with an estimated blood loss of 750 to 1,000 
c.c. The mucosa of the left nasal septum 
was cauterized with silver nitrate, a Gelfoam 
pack inserted, and the blood loss replaced. 
Following these procedures, the stools be- 
came negative for occult blood. The hemo- 
globin remained approximately 12 Gm. per 
cent, and the patient was discharged. A 
second upper gastrointestinal series done 
prior to discharge was normal. 

Following discharge, the stools remained 
black; however, the patient was taking oral 
iron medication. Hemoglobin levels gradually 
fell, and in early August, 1960, blood trans- 
fusion was required to raise the hemoglobin 
to 12 Gm. per cent. The iron was discon- 
tinued and the stools became normal until 
Aug. 16, 1960, 3 days prior to admission, 
when the onset of melena and a fall in 
hemoglobin to 5.5 Gm. per cent caused re- 








Fig. 1. Photograph of upper jejunum showing the two hemangiomas. 
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Fig. 2. Roentgenogram taken following injection of 
50 per cent Urokon solution into major vessel 
supplying one of the hemangiomas. 


ferral for readmission. There was no history 
of recent hematemesis or epistaxis, but there 
had been occasional mild epigastric pain un- 
related to ingestion of food. There was no 
family history of hemangiomas. Two ma- 
ternal uncles were said to have had recur- 
rent epistaxis without other hemorrhagic 
manifestations. 

Physical examination on admission re- 
vealed no abnormalities except for the 
anomalies previously mentioned. The hemo- 
globin was 4.9 Gm. per cent and the hema- 
tocrit was 18 per cent. Repeat coagulation 
survey and complete examination of the 
nasopharynx again were unremarkable. An 
upper gastrointestinal x-ray series with small 
bowel follow-through films, and barium 
enema with air contrast study were nega- 
tive. Oral iron therapy was instituted and 
the hemoglobin initially rose to 7.4 Gm. per 
cent, but again recurrent melena was noted. 
On Sept. 21, 1960, vomiting of guaiac-nega- 


tive material occurred on three occasions. On 
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the following day, the hemoglobin was 3.4 
Gm. per cent, and a blood transfusion was 
given. Melena persisted and on Sept. 29, 
1960, a second exploratory laparotomy re- 
vealed two hemangiomas of the upper 
jejunum, about 24 inches apart. The two 
dark red lesions encircled the entire circum- 
ference of the jejunum for a distance of 1.5 
cm. each (Fig. 1). 

The vascular supply of the lesions was 
from large dilated vessels extending from the 
root of the jejunal mesentery (Fig. 2). The 
serosal surface of the bowel including the 
hemangiomas and the intervening area was 
removed and a primary bowel anastomosis 
was performed. The patient tolerated the 
operation well and there was no untoward 
bleeding during the procedure. On the 
second postoperative day hematemesis and 
melena occurred with a fall in hemoglobin. 
A blood transfusion was given. No further 
bleeding was noted and the patient was dis- 
charged 2 weeks following operation. At re- 
evaluation 3 months later, the patient had 
had a single episode of epistaxis related to 
direct trauma but no further gastrointestinal 
bleeding had taken place. 

Microscopic sections of the involved bowel 
revealed the presence of numerous large di- 
lated blood vessels in the submucosa, muscu- 
laris, and subserosa of the involved jejunum, 
as well as in the mesenteric attachment. 
Elastic staining demonstrated that most of 
the vessels were veins. One area showed 
penetration of one of these large vessels 
through the mucosa. 


DISCUSSION 


The hemangiomas were not seen during 
the first exploratory laparotomy. It may be 
assumed, therefore, that they grew remark- 
ably in the 2 year interim. It remains pos- 
sible that small and undetected hemangiomas 
were left which accounted for the postoper- 
ative bleeding and that these will later in- 
crease in size. Small lesions limited to the 
mucosa and not visible externally might have 
been made visible by passing a sigmoidoscope 
through multiple small incisions in the small 
intestine. Such a technique would have been 
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employed at the time of the second operation 
if no overt lesion had been found. The 
hematemesis and epistaxis have not been ex- 
plained by the bowel hemangiomas. 

One hundred years ago, Gascoyen’ re- 
ported the first case of hemangiomas of the 
small intestine, called “naevi of the viscera,” 
in a man aged 40. Since that time, a total of 
15 cases have been reported in children 
under the age of 16.***' The age range has 
been from 2 months to 15 years, with 6 of 
the patients under 10 months of age. Seven 
of the patients were female, 6 were male, and 
the sex of 2 was not stated. The predominant 
symptoms were fatigue, listlessness, and inter- 
mittent melena and cramping abdominal 
pain. The initial clinical picture in 4 of the 
cases was that of intestinal obstruction; 2 
presented as intussusception. In 6 of the 
cases there were visible hemangiomas or 
telangiectasia of the skin, but other con- 
genital anomalies were not mentioned. 
Anemia was a prominent rinding in all the 
patients; in most of them, it was of gradual 
onset. In 2, sudden collapse occurred, as- 
sociated with massive rectal bleeding. In 9 
of the cases reviewed, the hemangiomas oc- 


curred singly, in 6 the lesions were multiple. 


Of the 13 children who underwent lapa- 
rotomy, 7 died, mainly from postoperative 
intestinal obstruction or peritonitis. Five of 
the patients made an uneventful recovery 
without further bleeding being noted; how- 
ever, the longest follow-up reported was 2 
years. 

This case is reported because of its un- 
usual nature and the fact that a second lapa- 
rotomy was necessary to establish the diag- 
nosis. Although the diagnosis of hemangioma 
of the small intestine can rarely be made pre- 
operatively, the possibility should be con- 
sidered in any child who presents with re- 
current melena, anemia, absence of any 
bleeding tendency, and hemangiomatous 
lesions elsewhere on the body. 

Pathologically, the lesions usually consist, 
as in our case, of dilated venous channels 
with poorly differentiated connective tissue 
stroma. It is generally believed that the 
lesions are congenital and have their origin 
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in embryonic sequestrations of mesodermal! 
tissue.” Hemangiomatous lesions have also 
been found in the esophagus, stomach, large 
bowel, and the rectum. 

Vascular lesions of the small bowel cannot 
always be ruled out by a series of normal 
roentgenograms, as the lesions often are not 
demonstrable by roentgen studies. The find- 
ings that may be noted in some cases on 
barium studies include intraluminal filling 
defects, disordered motility, stenosis or 
angular narrowing of the lumen, regional 
dilatation, and intussusception. Numerous 
blood transfusions may be necessary, as in 
our case, to restore adequate hemoglobin 
levels and circulating blood volume. 

Other conditions which may produce 
rectal bleeding but which usually can be 
distinguished from hemangiomas by other 
features include Meckel’s diverticulum, in- 
testinal polyps, intestinal duplication, intus- 
susception, peptic ulcer, Henoch’s purpura, 
ulcerative colitis, and bacterial dysenteries. 
The most common cause of rectal bleeding 
in childhood, anal fissure, usually can be 
ruled out by careful anorectal examination. 
It may be emphasized that if a child presents 
with repeated melena and continued anemia, 
and if preliminary studies as performed in 
our case are negative, a laparotomy is justi- 
fied. As Bockus states, “The physician must 
be ‘small bowel conscious’ when confronted 
with an unexplained anemia and positive 
occult blood reactions in the stools.”’® 


SUMMARY 


A case of hemangiomas of ‘the small in- 
testine in a 5-year-old boy is presented. 
Historical, clinical, surgical, and pathologic 
features of the condition are discussed. The 
value of a repeat laparotomy is illustrated 
in delineation of the cause of persistent 
gastrointestinal bleeding in childhood. 
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Failure of kanamycin in the 


treatment of typhoid fever 


Harris D. Riley, Jr., M.D.,* and Nell J. Ryan, M.D. 


OKLAHOMA CITY, OKLA, 


ALTHOUGH kanamycin has been used 
extensively in a variety of infections, in- 
cluding salmonellosis and other infections 
affecting the gastrointestinal tract, its use 
in acute typhoid fever has been limited. We 
have recently had an opportunity to evalu- 
ate this drug in 5 patients with typhoid 
fever; it is the purpose of this article to 
report these results. As all of the patients 
belonged to the same family, one representa- 
tive case will be described in detail; only the 
aspects of the other family cases pertinent 
to therapy with kanamycin will be provided. 


CASE SUMMARIES 


Case 1. James S. (No. 278-025), a 12-year- 
old Negro male, was admitted to the Chil- 
dren’s Memorial Hospital because of fever 
and vomiting and associated generalized 
weakness. He had been well until 2 weeks 
prior to admission when he developed fever 
and vomiting associated with diarrhea, leth- 
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argy, and weakness. The diarrhea became 
progressively worse with 12 to 15 stools daily 
but without the presence of blood. He had 
persistent abdominal pain and anorexia and 
was seen by his local physician who gave 
him an oral medication, the nature of which 
was not identified. Because of lack of im- 
provement, the fact that his mother’s Widal 
test had been reported as positive, and a 
similar illness in his siblings, he was referred 
to this hospital for further evaluation and 
treatment. 

The patient and his family resided in a 
7 room house in a rural section. The water 
supply was obtained from a well on the 
property but canned or pasteurized milk 
was used. 

Past history revealed that he was one of 
twins, born after an uncomplicated labor 
following a normal pregnancy. Birth weight 
was 7 pounds; the neonatal course was not 
remarkable. Growth and development had 
been normal and he had experienced no 
major illnesses. He had not received immu- 
nizations for typhoid fever. 

Pertinent family history revealed that the 
patient’s 4-year-old sibling had been ill for 
a period of 5 weeks with vomiting and diar- 
rhea. He had been treated with sulfonamides 
and penicillin with a gradual subsidence of 
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symptoms. No other members of the family 
had been ill until the present illness and the 
family history was otherwise not remarkable. 

Physical examination on admission re- 
vealed a well-developed and well-nourished 
Negro male of 12 years who was acutely ill. 
The temperature was 102° F. (rectal), pulse 
100 per minute, respirations 20 per minute, 
and blood pressure 108/68 mm. Hg. He 
was prostrated and apathetic but oriented 
and complained of abdominal pain. The 
skin was dry and inelastic; there was no 
rash. The tonsils and pharynx were moder- 
ately inflamed. Examination of the lungs 
and heart was not remarkable except for 
bradycardia. The abdomen was moderately 
distended and diffusely tender, and the 
spleen was slightly enlarged. The remainder 
of the examination was not remarkable. 

Pertinent laboratory data are shown in 
Table I. 

The patient was febrile, dehydrated, and 
prostrated on admission and was considered 
seriously ill. The generalized abdominal pain 
and tenderness became more marked. After 
stool, blood, and urine cultures were ob- 
tained, as well as serum specimens for Widal 
agglutinations, therapy with kanamycin, | 
Gm. per day (25 mg. per kilogram per day) 
intramuscularly was begun. These cultures 
were subsequently reported as negative but 
the Widal test obtained on admission re- 
vealed a typhoid O titer of 1:160. The bac- 
teriologic findings in relation to the clinical 
course and treatment are shown in Fig. 1. 

Although it decreased somewhat, the tem- 
perature elevation persisted until the eleventh 
hospital day (ninth and final day of kana- 
mycin treatment). During this period re- 
peated stool, blood, and urine cultures 
yielded no growth of Salmonella typhosa or 
other pathogens. The diarrhea, however, 
promptly improved on kanamycin therapy. 

On the eighteenth hospital day, although 
the patient had been asymptomatic and 
afebrile for several days, stool cultures, which 
had been obtained on the fifteenth and six- 
teenth hospital days, respectively, grew out 
S. typhosa. Both isolates were susceptible in 
vitro to kanamycin in a concentration of 7.8 
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meg. per milliliter by the tube dilution tech- 
nique. Therapy with chloramphenicol, 100 
mg. per kilogram per day orally, was initi- 
ated and continued in this dose for an addi- 
tional 7 days. A stool culture obtained on 
the nineteenth hospital day, approximately 
12 hours after the start of chloramphenicol 
therapy, grew out Bacterium typhosum 
phage Type Fl. As shown in Fig. 1, subse- 
quent cultures were negative and the patient 
remained afebrile and asymptomatic. 

Other cases in the family: Four other 
members of the family were hospitalized be- 
cause of typhoid fever. Their respective hos- 
pital courses are briefly described. Details of 
the pertinent laboratory findings are shown 
in Table I and of the therapeutic response 
in Table IT. 

Case 2. Judy S. was admitted with com- 
plaints similar to those of her twin brother 
(Case 1). She had experienced no diarrhea, 
however. On admission she was dehydrated 
and critically ill with generalized abdominal 
tenderness and moderate nuchal rigidity. 
Examination of the spinal fluid was normal. 
Other pertinent laboratory findings are 
shown in Table I. 

Kanamycin, 1 Gm. per day intramuscu- 
larly, was begun on the second hospital day 
and continued for 7 days. However, during 
this period she remained febrile, lethargic, 
and disoriented. Even though all cultures 
were negative for S. typhosa on admission 
and during the ensuing 9 days, therapy with 
chloramphenicol, 100 mg. per kilogram per 
day orally, was initiated on the tenth hospital 
day because of the lack of clinical improve- 
ment. The temperature promptly returned to 
normal on this therapy and her clinical con- 
dition promptly improved. However, a stool 
culture obtained on the thirteenth hospital 
day (5 days after the completion of kanamy- 
cin therapy and 3 days after chloramphenicol 
was started) yielded S. typhosa phage type 
F 1. Even though she was afebrile and clini- 
cally asymptomatic, this same organism was 
again grown from a stool culture obtained 
on the twenty-first hospital day (after 11 
days of treatment with chloramphenicol). 
The dose of chloramphenicol was increased 
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Table I. Pertinent laboratory data on S. family 
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| yy WBC Widal agglutination 
Case Day* ml.) (per c.mm.)| Typhoid H | Typhoid O Culturest 
| 1 16.5 3,600 Neg. 1: 160 Stool revealed S. typhosa on 
days* 15, 16, and 19 
2 14.0 5,100 Neg. 1:160 
12 13.5 7,800 Neg. 1:320 
18 1:20 1:320 
71 1:80 1:80 
2 1 15.0 6,750 Neg. 1:80 Stool revealed S. typhosa on 
days 13 and 21 
2 13.0 6,300 1:40 1:320 
12 12.5 8,100 1:40 1:320 
18 1:80 1:320 
28 1:40 1: 160 
71 1:40 1:40 
3 l 17.0 10,350 1: 160 1:320 All neg. 
2 13.5 10,150 1: 160 1:640 
+ 12.5 9,800 
12 12.5 9,600 1:160 1:640 
71 1:80 1:320 
113 1:80 1: 160 
4 l 11.5 7,050 1:80 1:80 All neg. 
2 11.0 6,800 1:80 1:40 
3 8.0 5,850 
4 11.0 7,700 
11 12.5 1: 160 1:160 
20 1:80 1: 160 
71 1:40 1:80 
5 1 12.0 6,850 1:40 1:80 Stool revealed S. typhosa on 
day 11 
2 12.5 6,100 1:20 1:80 
11 12.5 9,650 1:40 1:80 
20 12.5 6,100 1:20 1:80 
71 1:20 1:40 
*Refers to days following admission (day of admission = Day 1). 


tOnly positive cultures are listed. See text for details and types of bacteriologic studies. 


skin tests were negative on all patients. 


to 3 Gm. daily and continued for an addi- 
tional 10 days. Subsequently all stool and 
other cultures were negative and the patient’s 
clinical course was benign. 

Case 3. Louella S., a 2-year-old sibling, was 
the first member of the family who became 
ill. Three weeks prior to admission she de- 
veloped vomiting,’ headache, and 
nuchal rigidity. At a hospital in another 
community she considered to have 
meningitis on the basis of “abnormal spinal 
fluid findings” although the causative or- 
ganism was not identified. She was treated 
with sulfadiazine, penicillin, and erythro- 


fever, 


was 


mycin with improvement but was referred 
to this hospital when her mother, who was 
caring for the patient in the other hospital, 


Histoplasmin and _ tuberculin 


and other members of the family became ill. 
Physical examination revealed generalized 
muscular weakness and mild ataxia. Several 
spinal fluid examinations were all within 
normal limits. Other pertinent laboratory 
data are summarized in Table I. 

The patient was afebrile and relatively 
asymptomatic at the time of admission and 
her entire hospital course was benign. The 
ataxia and muscular weakness 


rapidly 


cleared. Because of the positive Widal test 
and the findings in the other members of 
the family, kanamycin, 25 mg. per kilogram 
per day intramuscularly, was begun, on the 
fifth hospital day and continued fot a period 
of 7 days. However, all cultures were sub- 
sequently reported as negative. Because of 
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the isolation of S. typhosa from other family 
members following kanamycin treatment, 
chloramphenicol, 100 mg. per kilogram per 
day orally, was begun on the twentieth 
hospital day and continued for 9 days. 
The etiology of the reported meningitis 
was not determined. All cerebrospinal fluid 
cultures were negative and specimens from 
the acute and convalescent phases were not 
revealing. Whether her illness actually was 
typhoid meningitis must remain speculative. 
Case 4. Benny S., the 34-year-old mother 
of Cases 1, 2, and 3 and wife of Case 5, 
developed chills, fever, nausea, vomiting, 
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and cramping abdominal pain 8 days prior 
to admission. This was followed by the de- 
velopment of fever to 105° F. and bloody 
diarrhea. Typhoid O agglutination titer was 
1:320. On admission she was febrile and 
acutely ill with mild generalized abdominal 
tenderness and a palpable spleen. 

On the second hospital day kanamycin, 
1.5 Gm. per day intramuscularly, was begun. 
She remained febrile and all symptoms con- 
tinued unabated. On the third hospital day 
she developed massive gastrointestinal hem- 
orrhage requiring transfusions of 1,500 ml. 
of whole blood for control. Chloramphenicol, 








Table II. Kanamycin ther~»y in typhoid fever 





































le . si 
Kanamycin treatment 

















Case Patient Age Sex program Response and comment 
1 J. S. 12 yrs. M 20 mg./kg./day No apparent response to kanamycin except 
250 mg. intramuscu- improvement in diarrhea. Patient remained 
larly every 6 hours febrile, lethargic, prostrated with abdom- 
for 7 days inal distention. Stool cultures positive for 
S. typhosa after kanamycin treatment 
2 J.S. 12 yrs. F 33.3 mg./kg./day No apparent response. Patient remained fe- 
250 mg. intramuscu- brile, lethargic, and disoriented during 
larly every 6 hours kanamycin therapy. Stool cultures positive 
for 7 days for S. typhosa after 7 days’ treatment 
with kanamycin. Prompt clinical response 
to chloramphenicol but stool cultures were 
still positive after 11 days on this drug. 
Subsequent cultures were negative 
3 L.§& 2 yrs F 25 mg./kg./day Patient reported to have had meningitis 3 
130 mg. intramuscu- weeks before admission. However, on ad- : 
larly every 12 hours mission was asymptomatic except for mild 
for 7 days ataxia which cleared spontaneously. Be- 
cause of findings in other members of the 
family, therapy with kanamycin was in- 
stituted. All cultures negative for S. 
typhosa but Widal positive 
4 B. S. 34 yrs. F 24 mg./kg./day Kanamycin begun on second hospital day 
500 mg. intramuscu- and continued for 7 days without clinical 
larly every 8 hours response. Temperature ranged from 102° 
for 7 days to 103° F. during treatment. On third 
hospital day patient developed massive 
intestinal hemorrhage. All cultures were 
negative for S. typhosa but Widal positive. 
Prompt and satisfactory response to chlo- 
ramphenicol 
5 L. S. 35 yrs. M 22 mg./kg./day Symptomatic response to kanamycin. Diar- 


500 mg. intramuscu- rhea improved and temperature decreased 
larly every 8 hours’ but did not return to normal. However, 
for 7 days stool cultures yielded S. typhosa after 7 

days of treatment with kanamycin. Prompt 
clinical and bacteriologic response to 
chloramphenicol 
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Fig. 1. Clinical course of James S. (Case 1), a 12-year-old Negro male with typhoid fever. 


All temperature recordings are rectal readings. 


2 Gm. per day by inouth, was started on 


the fourth day and within 24 hours her 
temperature returned to normal and re- 
mained so for the rest of her hospital course. 
All clinical manifestations cleared and there 
was no recurrence of the gastrointestinal 
bleeding. 

Case 5. Lydell S., the 35-year-old father 
of the children and husband of Case 4, 
developed abdominal pain, weakness, fever, 
and bloody diarrhea 2 weeks prior to admis- 
sion. Examination revealed him to be acutely 
ill with marked generalized tenderness but 
with no localizing manifestations. The cere- 
brospinal fluid was entirely normal. 

On the day after admission kanamycin, 
1.5 Gm. per day intramuscularly, was begun 
and continued for a period of 7 days. There 
was a gradual fall in temperature but it did 
not reach normal limits until the eleventh 
hospital day. The diarrhea abated, however, 
on the kanamycin treatment. All cultures 


obtained on admission and during the fol- 
lowing 9 days were negative for pathogens. 
However, following 7 days of treatment with 
kanamycin, S. typhosa phage type F 1 was 
isolated from a stool culture obtained on 
the eleventh hospital day. This organism 
was highly sensitive to kanamycin as deter- 
mined by the disk sensitivity method. The 
Widal agglutination titer did not exceed 
1:80. Therapy with chloramphenico’ 2 Gm. 
per day orally, was started and continued 
for 3 weeks. The patient remained afebrile 
and asymptomatic for the remainder of his 
hospital course. Repeated stool and other 
cultures were negative for S. typhosa. 

With the aid of the local health depart- 
ment,* other relatives and possible contacts 


*The cooperation of Dr. R. D. Miller and Sari P. Hol- 
comb, public health nurse, Okmulgee County, Oklahoma, 
Department of Health, in the study of this family is 
acknowledged. 
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were surveyed in an attempt to determine 
the origin of the infection in the family. A 
great aunt, who lived nearby and frequently 


visited the family for several days at a time, 
was found to be a typhoid carrier, S. typhosa 
of the same phage type being recovered from 
her stools. Appropriate steps were initiated 
to eradicate the carrier state. 

The family has been followed for over 
a year and all have remained asymptomatic. 
Stool cultures at periodic intervals have re- 
mained negative. 


DISCUSSION 


Kanamycin, isolated from Streptomyces 
kanamyceticus in 1957 by Umezawa and 
co-workers, has proved to be effective 
against a wide variety of bacteria including 
gram-negative bacilli as shown in recent 
laboratory studies. Considerable experience 
with its use in Salmonella infections, bacil- 
lary dysentery, staphylococcal enterocolitis, 
amebiasis, and other infections affecting 
chiefly the intestinal tract, as well as in 
preoperative intestinal sterilization, has been 
reported. In contrast, relatively little experi- 
ence with this drug in clinical typhoid fever 
has appeared. 

Evaluation of antimicrobial therapy in the 
individual case of typhoid fever may be 
difficult. The clinical course of typhoid fever, 
especially in children, may be extremely 
variable.* The clinical picture may be fur- 
ther obscured by prior partial or inadequate 
antimicrobial therapy.* The periodicity of 
the discharge of the biliary contents into the 
intestine may account in part for the ir- 
regular results in the isolation of S. typhosa 
from the feces of any given patient over a 
period of time.‘ 

Of the 5 cases herein reported, 4 were 
clinically symptomatic during the initial hos- 
pital course; the other (Case 3) had im- 
proved to the point that there were few 
criteria by which treatment could be evalu- 
ated. Cultures were negative prior to treat- 
ment in all 5 of the patients. However, 3 
of the patients subsequently exhibited posi- 
tive stool cultures for S. typhosa during their 
hospital courses. The typhoid O agglutina- 
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tion titer was elevated in all 5 of the 
patients. 

Of the 4 patients who were symptomatic, 
2 manifested clinical improvement during 
therapy with kanamycin. The details of 
dosage and response to therapy are shown 
in Table II. There was definite diminution 
in the diarrhea in Case 1 on kanamycin; 
however, he remained febrile and prostrated 
and S. typhosa was recovered from the stools 
on the fourth, fifth, and eighth days after 
completion of the 9-day course of treatment 
with kanamycin. In addition to a decrease 
in diarrhea, there was also a decrease in 
temperature in Case 5 during treatment, 
but it did not reach normal range until the 
eleventh hospital day or 3 days after com- 
pletion of kanamycin treatment. Neither 
Case 2 nor Case 4 improved on kanamycin 
therapy. In Case 2, S. typhosa was isolated 
from the stool following a 7-day course with 
this drug. The variability of cultivation of 
the organisms from the stools in patients 
with typhoid fever is demonstrated by this 
case. Despite a prompt and. satisfactory 
clinical response to chloramphenicol, S. 
typhosa was recovered on one occasion from 
a fecal specimen after 11 days of treatment 
with this agent. Although all cultures were 
negative, B. S. (Case 4) remained febrile 
and experienced a massive intestinal hemor- 
rhage while on kanamycin. 

Thurman and Platou®* obtained satis- 
factory results in 11 of 19 Salmonella in- 
fections treated with kanamycin; however, 
2 cases of typhoid fever failed to respond. 
Ruiz Sanchez and co-workers’ treated one 
patient, an 18-year-old female, with typhoid 
fever with intramuscular kanamycin. The 
organism could not be isolated from blood 
cultures following treatment with kanamycin 
but fever and prostration persisted for 7 
days during which time the temperature 
became higher. It was concluded that the 
patient clinically became worse during 9 
days’ therapy with kanamycin at a dose of 
2 Gm. per day. There was a prompt defer- 
vescence of fever and symptomatic improve- 
ment on the third day following intravenous 
chloramphenicol. Ruiz Sanchez* treated 3 
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additional cases of typhoid fever with kana- 
mycin. All 3 patients received 2 to 3 Gm. 
of kanamycin daily intramuscularly for 10 
to 12 days. Two of the 3 were considered 
to have unsatisfactory responses. One pa- 
tient, a 23-year-old woman who had been 
ill for 32 days before therapy was started, 
received 2 Gm. kanamycin daily in combina- 
tion with phenylbutazone. Fever disappeared 
on the sixth day of therapy, blood cultures 
were negative, and there was rapid general 
improvement. In an 1€ \-ar-old male, who 
had been ill for 11 days at the time treat- 
ment was started, the fever began to drop 
on the fifth day of therapy but did not dis- 
appear until the thirteenth day of kana- 
mycin treatment. The third patient, a 20- 
year-old male who was gravely ill on ad- 
mission, having been ill for 9 days prior 
to the initiation of therapy, was still critically 
ill after 3 days of treatment and experienced 
repeated intestinal hemorrhages. Improve- 
ment ensued on treatment with chloram- 
phenicol but not until after the sixth day 
of therapy. 

Ruiz Sanchez and Ruiz Sanchez* treated 
2 patients with paratyphoid disease and ob- 
tained a good response. Finegold and asso- 
ciates® obtained beneficial effects with kana- 
mycin in one case of paratyphoid fever. 
While good results have been obtained in 
this clinic with kanamycin iri the treatment 
of bacillary dysentery,*® “* the results in 
Salmonella infections have not been as 
favorable.** Despite a satisfactory sympto- 
matic response to kanamycin in several cases, 
the stools remained positive for Salmonella. 

Bettag and co-workers™ treated 30 typhoid 
carriers with a combination of oral and 
intramuscular kanamycin. While the typhoid 
carrier state was not eliminated in all pa- 
tients and the length of follow-up was brief, 
these workers feel that kanamycin is the 
most promising drug in their experience in 
the management of the typhoid carrier state. 

Davies** treated 16 typhoid carriers with 
kanamycin using a dose of 0.5 Gm. intramus- 
cularly twice daily for 7 days, and then in- 
creasing this dose to 0.5 Gm. three times 
daily for another 7 days. On this regimen, 
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stool cultures became negative in 10 of the 
cases. The 6 patients whose stool cultures 
remained positive were re-treated with kana- 
mycin at a dosage of 1 Gm. intramuscularly 
three times a day for 10 days. At the end 
of this period, 2 of the 6 had negative stools 
and those of 4 remained positive. 
Gourevitch, Hunt, and Lien’* have re- 
ported the minimal inhibitory concentration 


-of kanamycin against strains of S. typhosa 


to be 3.9 meg. per milliliter. The organism 
isolated from Case 1 was inhibited by 7.8 
meg. per milliliter of kanamycin as deter- 
mined by the tube dilution technique. In 
vitro susceptibility studies against the strain 
of S. typhosa recovered from Case 2 were 
not carried out. The strains from all 3 
patients were susceptible to chloramphenicol. 


SUMMARY 


Five patients with acute typhoid fever 
were treated with intramuscular kanamycin. 
Of the 4 patients who were symptomatic, 
2 exhibited clinical improvement on kana- 
mycin therapy. Despite a decrease in fever 
in one and in the severity of the diarrhea 
in both patients, S. typhosa was isolated from 
the stools of both patients following thera- 
peutic courses of kanamycin. Neither of the 
other 2 patients exhibited any beneficial 
effect attributable to kanamycin. The varia- 
bility of the clinical course and of the culti- 
vation of typhoid bacilli from the stools of 
patients with typhoid fever is emphasized. 


We wish to thank the house officers who 
aided in the study of these patients and Jane 
Stabler and Sue Fuller for preparation of the 
manuscript. 
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The selenium content of eggs, milk, and 


water in relation to dental caries in children 


D. M. Hadjimarkos, D.D.S., M.S.D., M.P.H.,* and Carl W. Bonhorst, Ph.D. 


PORTLAND, ORE. 


IN THE past several years, a series of re- 
gional epidemiologic studies on dental caries 
was conducted in Oregon among children 14 
to 16 years of age born and reared in their 
respective regions. Altogether, 2,069 children 
were examined by one examiner (D. M. H.) 
using the same examination procedures and 
standards in assessing the prevalence of 
caries. The last paper in this series presented 
a complete picture of the findings.’ In gen- 
eral, children born and reared east of the 
Cascade Mountains had statistically signif- 
icant lower caries rates in comparison with 
those who lived continuously west of the 
mountains. 

A direct relationship was observed be- 
tween the urinary concentration of selenium 
and caries prevalence rates.*** Thus for the 
first time evidence was presented suggesting 
that a trace element, selenium, may be a 
factor related to an increased susceptibility 


From the Department of Public Health, 
University of Oregon Dental School, and the 
Department of Chemistry, University of 
Portland, Portland, Ore. 


This study was supported by Research Grant 
D-801 from the National Institute of Dental 
Research, United States Public Health Service 
to the University of Oregon Dental School. 


*University of Oregon Dental School, 611 S. W. 
Campus Drive, Sam Jackson Park, Portland 1, Ore. 


to caries. Studies with laboratory animals 
and human beings have shown that the 
selenium level in the urine is a good criterion 
of the amount ingested.** 

For a better understanding of the selenium 
-dental caries relationship, it was deemed 
advisable to conduct a study in certain 
counties of Oregon in order to determine 
the selenium content of common foods pro- 
duced locally, as well as that of private and 
public water supplies, and thus to identify 
some of the main sources of selenium intake 
and also to provide an explanation for the 
differences in urinary. selenium levels ob- 
served among the children of these counties. 
This paper presents the results of such an 
investigation. 


MATERIAL AND METHODS 


The investigation was carried out in three 
counties of Oregon, namely, Klamath, Jack- 
son, and Josephine. Of these, Klamath 
county is located east of the Cascade Moun- 
tains, whereas the counties of Jackson and 
Josephine are situated west of the mountain 
range. The selection of these counties was 
based on the observed direct relationship 
between urinary selenium concentration and 
caries prevalence rates among children of 
our previous studies.*** For a more adequate 
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background of the nature of the present 
study, the findings pertinent to the three 
counties in regard to caries prevalence rates 
and levels of urinary selenium excretion are 
presented in Table I. 

In each of the three counties, samples of 
eggs, milk, and water were collected for 
selenium determinations during the winter 
months from a number of farms located in 
different parts of each county. The collection 
of locally produced and consumed foods was 
limited to eggs and milk only because in a 
previous study among people living in known 
seleniferous areas of the country it was found 
that eggs, milk, and meats constituted the 
main sources of selenium intake in man.° 
Although in this same study it was shown 
that water does not contain any appreciable 
amounts of selenium, water samples were 
collected in the present investigation for the 
purpose of providing additional evidence on 
this point. 

The determination of the selenium con- 
tent of the collected materials was done by 
a method described previously.® 


RESULTS 


The number of samples of eggs, milk, and 
water collected from individual farms of the 
three counties, as well as the mean selenium 
content for each of the three items, are 
presented in Table II. With very few excep- 
tions, samples of all three items under in- 
vestigation (eggs, milk, water) were collected 
from each farm. As it is apparent from this 
table, the mean values of the selenium con- 
tent of eggs and milk collected in Klamath 
county are considerably lower than those 
obtained from the counties of Jackson and 
Josephine. The differences in the mean 
selenium content of eggs and milk between 
Klamath county and the other two counties 
were tested by the analysis of variance, and 
they were found to be significant at the 1 
per cent level. 

From the data presented in Table II, it is 
shown that the selenium content of water 
samples collected in the farms of the three 
counties was found to be insignificant. Also, 
samples of water collected from the public 
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Table I. Decayed, missing, filled teeth per 
child and mean values of urinary selenium 
concentration in the counties of Klamath, 
Jackson, and Josephine 








| DMF. Urinary Se 
County teeth* (ppm) 
Klamath 9.0 0.037 
Jackson 13.4 0.074 
Josephine 14.4 0.076 





*D.M.F. denotes the number of decayed, missing, filled 
teeth. 


water supplies of the county seats of each of 
the three counties did not contain any appre- 
ciable amounts of selenium. These findings 
are in agreement with the results of a pre- 
vious study conducted in known seleniferous 
areas of the country,® and provide further 
evidence that water does not constitute an 
important source of dietary selenium. 

In view of the appreciable amounts of 
selenium found in eggs, it was thought of 
interest to determine the distribution of this 
element separately in the yolk and the white. 
Accordingly, selenium determinations were 
made of yolk and white in 9 samples of eggs 
collected in Jackson and Josephine counties. 
The results of the analyses showed the mean 
selenium content of yolk to be, in parts per 
million, 0.324 + 0.039* and that of white 
0.051 + 0.029, a ratio of 6.3. It thus appears 
that most of the selenium in the egg is con- 
centrated in the yolk. 


DISCUSSION 


The findings of the present study demon- 
strated that the selenium content of eggs and 
milk produced in Jackson and Josephine 
counties of Oregon was considerably higher 
than that of the same products from Klamath 
county. This observation presumably pro- 
vides an explanation for the differences in 
urinary selenium concentration observed in 
our previous two studies among the children 
of the three counties (Table I). Further- 
more, it provides additional evidence that 
determination of urinary selenium concen- 


*Standard error of the mean, 
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Table II. Selenium content of eggs, milk, and water in three counties of Oregon 





Jackson county 


Josephine county Klamath county 











Item No. of | Mean Se No. of Mean Se No. of Mean Se 
specified samples | (ppm) samples (ppm) sam ples (ppm) 
Eggs 24 0.502 22 0.437 27 0.056 
Milk 21 0.049 22 0.067 24 0.005 
Water 23 0.001 21 0.002 28 0-trace 





tration is a good index of the amount of this 
element ingested. 

Our knowledge of the selenium content of 
foods and waters in different parts of the 
country is quite inadequate. It is believed 
that the results of the present study provide 
for the first time information regarding the 
selenium content of certain common foods 
produced in a nonseleniferous area of the 
country. Prior to this investigation only two 
studies had appeared in the literature in 
which data on the selenium content of dif- 
ferent foods produced in known seleniferous 
regions of the country were reported.* * 

The amounts of selenium found in eggs 
and milk produced in the three counties of 
Oregon are considerably lower than those 
reported in the two studies made in selenif- 
erous areas. However, it should be empha- 
sized that no effort has been made to study 
the possible hazards to the health of people 
living in nonseleniferous areas of the country 
from the cumulative effects of daily ingestion 
of small amounts of selenium. 

The possible association between selenium 
and caries susceptibility was first pointed out 
by us as a result of the two studies conducted 
in Oregon.*** The soils of Oregon, in general, 
are considered to be nonseleniferous. Re- 
cently, a study on the selenium-caries rela- 
tionship was conducted in the state of 
Wyoming* which contains extensive areas of 
known seleniferous soils. The results of this 
investigation showed that children born and 
reared in seleniferous areas of this state had 
higher D.M.F.* teeth rates in comparison 
with subjects who lived in nonseleniferous 


localities of the same state. It was also shown 


*D.M.F. denotes the number of decayed, missing, filled 
teeth. 








that even in seleniferous areas with high 
fluoride content in the water supplies (0.6 to 
2.6 ppm), the presence of selenium depressed 
greatly the beneficial influence of fluorine on 
caries. The findings of the Wyoming study 
corroborate the results of our first studies in 
Oregon and provide further evidence re- 
garding the possible harmful effects of 
selenium on caries susceptibility. 

Selenium first became of interest to re- 
search workers several years ago when it was 
discovered that in seleniferous areas of the 
country, foods and forage plants grown 
there absorbed enough of this element to 
cause poisoning in farm animals that often 
resulted in death. Selenium is a constituent 
of the soil and it is absorbed by all vegeta- 
tion in varying amounts depending upon the 
species. Recently, however, it was shown that 
minute amounts of selenium are protective 
against dietary necrotic liver degeneration 
in rats,® exudative diathesis in chicks,’® and 
white muscle disease, a myopathy in lambs 
and calves." 

The findings of the present study provide 
further evidence that water supplies do not 
contain any appreciable amounts of selenium. 
The fact that water does not serve as the 
main vehicle for the selenium intake in man, 
as is the case with fluorides, creates certain 
difficulties in the design of epidemiologic 
studies on the selenium-caries relationship. 
It is apparent that methods other than the 
determination of selenium in the water must 
be utilized for assessing the amount of this 
element ingested by a group of people. From 
the results of studies with laboratory animals* 
and also with humans living in seleniferous 
areas of the country,° as well as from the 
findings of the present study, it is apparent 
that the quantity of selenium excreted in the 
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urine is a good criterion of the amount in- 
gested. However, in the study on _ the 
selenium-caries relationship conducted in 
Wyoming,® no consistent relationship was 
found between urinary selenium values and 
D.M.F. teeth rates among the subjects 
examined. It appears that this apparent lack 
of relationship was due to the inadequate 
sampling procedures used. It is believed that 
no valid conclusions can be drawn regarding 
the association between urinary selenium 
concentrations and D.M.F. teeth rates on 
the basis of samples composed of only 5 to 
13 children. This is particularly so, since it is 
known that even in homogeneous groups of 
people there are wide variations in D.M.F. 
teeth counts among individuals. In addition, 
the collection of urine samples both from 
boys and girls in the Wyoming study may 
have created an additional discrepancy. In a 
study conducted among families living in 
known seleniferous areas of the country,® it 
has been shown that among members of 
some of the families the females showed 
much lower values of urinary selenium in 
comparison with males. The most probable 
explanation for this has been based on differ- 
ences in dietary habits. For this reason, in 
our previous studies urine samples were col- 
lected only from boys.*-* 


SUMMARY 


A study was conducted regarding the 
selenium content of eggs and milk, as well as 
that of private and public water supplies, in 
the counties of Klamath, Jackson, and 
Josephine, of Oregon. The number of 
samples of the three items under investiga- 
tion collected from individual farms of each 
of the counties was about the same. 

The results showed that eggs and milk 
produced in Klamath county had statistically 
significant lower selenium content than those 
produced in the other two counties. This 
observation provides an explanation for 
the differences in urinary selenium concen- 
tration observed in two previous studies 
among school children living in the three 
counties. 

The selenium content of water samples 
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collected from the three counties was found 
to be insignificant. 

The findings of the present study provide 
additional evidence that determination of 
urinary selenium concentration is a good 
criterion of the amount of this element in- 
gested. 


For the collection of the samples used in this 
study we wish to express our appreciation to 
Mr. A. E. Gross, Superintendent, and Mr. F. 
Kurpjuweit, Junior Soil Scientist, Klamath 
Branch Experiment Station, and to Mr. H. H. 
White, Superintendent, and Mr. J. A. Yunger, 
Assistant Agronomist, Southern Oregon Branch 
Experiment Station. Appreciation is also ex- 
pressed to Dr. K. H. Lu, Associate Professor of 
Biostatistics, University of Oregon Dental School, 
for the statistical analysis of the data. 
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Acute and chronic hypervitaminosis 
in a 4-montb-old infant 


William K. Woodard, M.D.,* Leroy J. Miller, M.D., and Omar Legant, M.D. 


ALBUQUERQUE, N. MEX. 


T HE purpose of this paper is to report the 
case of a 4-month-old infant with clinical 
manifestations of acute and chronic forms of 
hypervitaminosis A. We believe this to be 
the youngest infant with manifestations con- 
sidered to be those of the chronic form of 
the disease. 

Hypervitaminosis A has been diagnosed 
with increasing frequency since Joseph’s' 
original description in 1944, and _ several 
reviews of the literature have appeared.**° 
Caffey? pointed out that the minimal ob- 
served preclinical latent period of the chronic 
form was 6 months and that the longest was 
15 months; the length of the latent period 
did not appear to depend on the size of the 
overdose. 

Vitamin A intoxication has been observed 
in acute and chronic forms. Marie and See* 
first drew attention to acute poisoning in the 
infant following the administration of very 
large quantities of vitamin A to 4 infants, 
aged 31% months, 7% months, 3 months, 
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and 4 months, respectively. The clinical pat- 
terns were usually characterized by the acute 
onset of hydrocephalus with intensive buig- 
ing of the fontanel, frequent vomiting, and 
agitation or insomnia without meningeal 
signs or other systemic complaints. The dis- 
turbance began within 12 hours after in- 
gestion of approximately 300,000 units of 
vitamin A in each case. Symptoms in the 
acute form subsided rapidly and dramati- 
cally after cessation of administration of 
vitamin A, usually within 24 hours, even 
though the serum vitamin A level remained 
high. 

The chronic form of hypervitaminosis A 
is characterized by an insidious onset with 
constitutional symptoms.* The manifestations 
include anorexia, dry itchy skin, alopecia 
with sparse, coarse hair, angular fissures or 
cracking of the lips, hepatosplenomegaly, 
and tender subcutaneous swellings over the 
long bones and skull. Cortical thickening of 
the long bones is usual after vitamin A has 
been given in excess for 6 to 15 months. An 
erythematous rash has been described. 

Rothman and Knudson‘ suggest that 
craniotabes and hydrocephalus may repre- 
sent connecting links between the acute and 
chronic forms of hypervitaminosis A. 
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CASE REPORT 


First admission. This 2-month-old Cauca- 
sian male was born after an uneventful 
gestation period and normal delivery. Birth 
weight was 8 pounds. The neonatal period 
and subsequent course of the patient were 
uneventful until 2 months of age. 

The infant was given Similac powder, 1:2 
for the first month, then Varamel, 1 : 1. Solids 
were introduced at 1 month and at 2 months 
of age, 3 solid meals and 4 bottles of formula 
were being given. Through misinterpretation 
of the pediatrician’s instructions, Trivisol, 
8.4 c.c. had been given daily since the fourth 
day of life. The total vitamin A ingested 
was 70,000 units from the vitamin prepara- 
tion plus that in the prepared formulas, 
at least 71,500 units daily. 

Past and family histories were essentially 
noncontributory. The mother was 18 years 
of age and in good health; the father was 20 
years old, living and well. A paternal great- 
aunt had tuberculosis, and the mother had 
experienced hematuria on one occasion in 
childhood. 

At 2 months of age the mother noted 
bulging of the infant’s anterior fontanel with 
no other symptoms except irritability. A 
pediatrician confirmed the presence of the 
bulging fontanel. Subdural and lumbar taps 
were performed, but the only abnormality 
noted was increased intracranial pressure. 
Chemical values of the spinal fluid were 
within normal limits. Brain tumor, en- 
cephalitis, or hydrocephalus was suspected. 
The patient was then sent from an outlying 
district to Albuquerque, New Mexico, for 
consultation. 

Physical examination failed to show a 
bulging fontanel after a lumbar puncture. 
Hospital admission orders did not include 
vitamins. 

X-rays of the skull revealed the calvarium 
to be symmetrical and average in dimension 
for a 2-month-old infant. There was no evi- 
dence of increased intracranial pressure. 
There was a 2 by 3.5 cm. area of either bone 
destruction or delayed ossification from mem- 
branous bone in the posterior third of the 
parietal bone in the midline. All sutures ap- 
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peared to be normally open. No abnormal 
intracranial calcifications were seen. A pneu- 
moencephalogram detected “mildly enlarged 
right and left lateral ventricles which were 
normal in contour and position.” The im- 
pression was “consistent with mild cerebral 
atrophy.” Because of the suspicion of bone 
destruction, surgical exploration was _per- 
formed at the site of the bony defect. No 
abnormality of the bone or dura was seen. 
The latter was opened, disclosing no abnor- 
mality of the brain or leptomeninges. 

After one week of hospitalization, the pa- 
tient was asymptomatic and was discharged. 

At home, the excessive dose of vitamin A 
was again resumed. The infant remained 
clinically well until approximately 5 weeks 
later when “a lump” was noted on the left 
side of the head directly above and behind 
the right ear. This was bony in consistency 
and nontender. Scalp hair was falling out in 
patches, marked irritability was present, and 
the infant slept less than usual. Three days 
prior to the second admission, it was noted 
that picking the infant up by the axillae 
elicited pain, as did any pronation, supina- 
tion, or abduction of the right arm. A fever 
of 101° F. was noted. Two days prior to 
admission bulging of the anterior fontanel 
occurred and repeated projectile vomiting 
was observed for the first time. He was then 
readmitted for further studies. 

Second admission. Physical examination 
disclosed a well-developed child of 4 months 
of age. The infant was very irritable and 
lethargic. Temporal subcutaneous swellings 
bilaterally were present. Scalp hair was 
patchy in distribution with areas of alopecia. 
Finger- and toenails were intact and of nor- 
mal consistency. There was marked cranio- 
tabes. The anterior fontanel was tense and 
bulging, giving the appearance of a mush- 
room. A tympanitic note was elicited upon 
percussion of the head. The spleen was not 
palpable, but hepatomegaly extended to the 
level of the umbilicus. The upper extremities 
were held flaccidly to the side with abduction 
of either arm being resented. Abduction of 
the right arm was especially painful. The 
mid-third of each clavicle was enlarged and 
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Fig. 1. At 2 months of age a defect was present in 
the midline of the skull through the parietal bone 
which was believed to represent a developmental 
variant (persistent parietal sagittal fontanel). 
There was no radiographic evidence of increased 
intracranial pressure. 


tender to palpation with more tenderness 
over the right. No other bony abnormalities 
were observed. Heart sounds were of good 
quality; normal sinus rhythm was present 
without murmurs. The skin was free of 
exanthemas. No labial fissures or dry muco- 
cutaneous borders were seen. Deep ten- 
don reflexes were moderately hyperactive 
throughout. The remainder of the neuro- 
logical examination failed to give any lo- 
calizing clues. Because of the flaccidity of 
both arms, the admitting physician con- 
sidered poliomyelitis in his differential diag- 
nosis. Leptomeningeal cysts at the previous 
operative site and increased intracranial pres- 
sure of unknown etiology were also con- 
sidered. 

Laboratory findings. A urinalysis was 
within the limits of normal. A hemogram 
revealed a hematocrit of 33 per cent; hemo- 
globin, 11 Gm.; white blood cells, 16,400 
with 73 lymphocytes; 25 segmented cells, 
and 2 eosinophils. The erythrocyte sedimen- 
tation rate was 5 mm. per hour, corrected. 
Vitamin A serum level, after the method of 
Kimble (Friedman-Miller modification) , was 
over 500 units per cubic centimeter. A re- 
peat spinal puncture revealed no cells and 
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normal chemistry determinations with the 
exception of protein 50 mg. per cent. 

X-rays of the chest revealed subperiosteal 
new bone formation about the mid-third of 
both clavicles. Films of the cervical spine, 
mandible, and both lower extremities, in- 
cluding the feet, revealed no abnormalities. 
Re-examination of the skull showed that the 
irregular defect in the posterior parietal 
bone, noted 5 weeks previously, had been 
somewhat widened by operation but was 
otherwise unchanged in appearance. There 
was a small soft tissue bulge through the site 
of the defect. 

Progress. Vitamins were not given in the 
hospital. The patient became afebrile with- 
out medication and gradually became more 
alert. A proprietary formula containing vita- 
mins was ordered on admission but discon- 
tinued when the diagnosis was suspected. 
Two days after admission the patient was 
moving both arms fairly well. He continued 
to improve dramatically and was discharged 
on the fourth hospital day. 

The patient has since been followed at 
intervals of 3 months. Growth and develop- 
ment have been normal. Subcutaneous swell- 
ings disappeared within the first 3 months; 
the alopecia cleared within this period. At 
9 months of age, x-ray examination of the 





Fig. 2. Child at 4 months of age. Note cortical 
hyperostosis of mid-third of both clavicles. Roent- 
genographic skeletal survey revealed no other 
hyperostoses. No abnormality was noted 5 weeks 
earlier. 
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Fig. 3. Child at 4 months of age. Spotty alopecia 
with mushroom effect from increased intracranial 
pressure was observed. 


skull failed to reveal the previously described 
defect and the clavicles were again normal. 


DISCUSSION 


Caffey* in his original paper describes the 
difficulty in differentiating infantile cortical 
hyperostosis and hypervitaminosis A. He 
points out that there are two features com- 
mon to both disorders: cortical hyperostosis 
and tender soft tissue swellings. The out- 
standing differences between the two are 
that infantile cortical hyperostosis has al- 
ways made its appearance in the first 4 
months of life; in hypervitaminosis A, diag- 
nostic clinical signs have never been recog- 
nized prior to the thirteenth month of life. 
He further points out that the face and jaw 
have been swollen in every case of infantile 
cortical hyperostosis; these structures have 
not been affected in a single case of hyper- 
vitaminosis A. Metatarsal hyperostosis has 
been present in every case of vitamin A 
poisoning in which the feet have been ex- 
amined roentgenographically—but not in 
any case of infantile cortical hyperostosis. 
Scapular lesions are unknown in hypervita- 
minosis A but have occurred in several cases 
of infantile cortical hyperostosis. Soft tissue 
swellings in the latter disease are usually 
much larger and more tender, and the edges 
of the hyperostoses are much rougher than 
their counterparts in hypervitaminosis A. 
Our case is an exception to this broad 
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outline by being diagnosed clinically within 
the first 4 months of life and by the absence 
of metatarsal lesions on x-ray examination. 
In addition, bony lesions of the skull have 
never been described in hypervitaminosis A. 
At first admission to the hospital, a film of 
the chest showed the clavicles were normal 
in appearance. On subsequent admission 5 
weeks later, cortical hyperostoses were noted 
along the mid-third of the shafts of both 
clavicles consistent with that described in 
chronic vitamin A poisoning. Although scat- 
tered soft tissue swellings were seen at this 
time, a skeletal survey showed no additional 
hyperostosis. Re-examination 5 months later, 
when the patient was clinically well, showed 
the clavicles had returned to normal appear- 
ance. 

At the original hospitalization a 2 by 3.5 
cm. defect was present through both tables 
of the parietal bone in the midline. The 
scalp was flat over this defect, and there was 
no radiographic evidence of increased intra- 
cranial pressure. Surgical exploration re- 
vealed no evidence of meningocele or any 
other gross abnormality. Re-examination 5 
weeks following the operation revealed no 
change in the appearance of this bony de- 
fect although soft tissue bulging through the 
defect was evident. Skull defects have not 
been described in reported cases of hyper- 
vitaminosis A. It is difficult to believe there 
is a relationship, although the possibility re- 
mains. It is more likely that the lesion in 
the skull represents a coincidental develop- 
mental variant, a persistent parietal (sagit- 
tal) fontanel. That some change occurs in 
the flat bones of the skull is evidenced by 
the incidence of craniotabes® associated with 
increased intracranial pressure. 

Heretofore, the minimal toxic dose has 
been set at 75,000 units of vitamin A daily. 
This case was definitely toxic on not more 
than 72,500 units. 

It has been previously suggested® that the 
impaired absorption of vitamin A during the 
first few months of life is the reason no cases 
have been described in this age group. 

In Oliver’s’ review of the literature in 
1958, 36 instances of chronic hypervita- 
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minosis A were described. Central nervous 
system manifestations were not common in 
the chronic form, occurring only in about 
20 per cent. 

Toomey and Morissette* performed the 
crucial experiment by feeding their patient 
excess vitamin A to reproduce the clinical 
picture of hypervitaminosis A. In other ex- 
perimental studies involving humans, Marie 
and See* found that many of the clinical 
features of hypervitaminosis A disappeared 
when excessive vitamin A intake was stopped 
but promptly reappeared when the excessive 
dose was readministered. The serum vitamin 
A level, after an initial sharp fall, remained 
elevated for weeks, tapering off slowly to 
normal levels. Prompt exacerbation of symnp- 
toms is apparently possible with reingestion 
of excessive vitamin A before the saturated 
liver stores are depleted. This holds true with 
pure vitamin A as well as with fish liver oil 
concentrates. 

The intriguing but unknown cause of in- 
creased cerebrospinal fluid pressure occurring 
in the acute form is particularly interesting. 
Although the mechanism is unknown, Bass® 
suggests that excess formation of spinal fluid 
occurs. Equally mysterious are indications of 
similar increase in cerebrospinal fluid pres- 
sure with certain tetracycline derivatives, 
and there are reports’® that the same phe- 
nomena may result from avitaminosis A in 
humans. 


SUMMARY AND CONCLUSIONS 


1. This case report deals with what we 
believe to be the youngest patient with hyper- 
vitaminosis A. The diagnosis was made at 4 
months of age, but clinical manifestations 
were present at 2 months of age. 

2. The patient had symptoms and signs 
of both the acute and chronic forms of the 
disease at 4 months, characterized by in- 
creased intracranial pressure, bulging fon- 
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tanel accompanied by vomiting, irritability 
and drowsiness, hyperostosis of clavicles, 
tender subcutaneous swellings, and spotty 


alopecia. Discontinuation of vitamin A in- 
take was followed by prompt improvement. 
Exacerbation of all the symptoms followed 
resumption of the excessive dose of vitamin 
A, the symptoms again cleared promptly 
upon discontinuing the vitamin A. 

3. Skull lesions were present in this case 
and probably represent a coincidental de- 
velopmental variant. The possibility that the 
lesions are related to hypervitaminosis A is 
mentioned. 
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Congenital bile duct stenosis 


Intrahepatic cholangiocholecystojejunostomy 


(Roux Y) with removal of intrabepatic stones 


James D. Hardy, M.D., F.A.C.S.* 


JACKSON, MISS. 


ATRESIA of the extrahepatic bile ducts of 
congenital origin constitutes a largely un- 
solved problem in the newborn infant. Al- 
though occasionally the point of occlusion 
lies sufficiently distal to permit successful 
anastomosis of the proximal biliary tract to 
the alimentary tract, all too frequently the 
point of occlusion involves the right and left 
hepatic ducts and even the ducts within the 
liver itself. When this high level of obstruc- 
tion is encountered, the surgeon has little 
choice but to close the abdomen. Neverthe- 
less, some of these infants with bile duct 
atresia live for weeks or months and rarely 
a patient may live even longer. It is possible 
that very occasionally a patient may live 
long enough to permit the dilatation of in- 
trahepatic bile ducts sufficiently to permit 
anastomosis of such a duct to the alimentary 
tract. 

The present report deals with a case of 
congenital stenosis of the bile ducts involving 
both the right and left hepatic ducts. The 
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patient, intermittently jaundiced from birth, 
reached the age of 14 years before severe at- 
tacks of pain with cholangitis and jaundice 
necessitated exploratory operation with even- 
tual anastomosis of a dilated branch of the 
right hepatic duct to the alimentary tract 
through the intermediary gall bladder. Intra- 
venous cholangiography preoperatively had 
disclosed marked dilation of the intrahepatic 
bile ducts. At operation the biliary tree in 
both lobes of the liver was filled by injection 
of radiopaque medium into a single branch 
of the right hepatic duct. A large number of 
stones flowed from the branch of the right 
hepatic duct as bile escaped under pressure. 
Many additional stones undoubtedly re- 
mained in the bile ducts throughout the 
liver, emphasizing again the stasis factor in 
biliary stone formation and especially in the 
presence of intermittent infection. 


CASE REPORT 


D. D., a 14-year-old Negro boy, was first 
admitted to the University Hospital on July 
15, 1959, with the complaint of jaundice asso- 
ciated with pain in the right upper quadrant 
of the abdomen and fever. In essence, he had 
had intermittent attacks of such symptoms 
since birth, and in fact he had been admitted 
fifteen times to his community hospital for 
this condition. In June of 1952 the abdomen 





Fig. 1. A 14-year-old boy with congenital common 
hepatic duct stenosis who had had intermittent at- 
tacks of jaundice since birth. 


had been explored and a normal appendix 
removed; the white blood count was then 
24,300 with 73 per cent neutrophils. In 1953 
a second laparotomy was performed because 
of jaundice and the gall bladder was care- 
fully examined. It did not appear sufficiently 
remarkable to account for the white count 


of 28,000, but numerous enlarged lymph 


nodes were found surrounding the cystic and 
common bile ducts. A moderate distention of 
the gall bladder and common bile duct was 
considered to be due to compression by the 
lymph nodes. There were no stones in the 
gall bladder and it was not removed. The 
surgeon concluded that some type of con- 
genital biliary tract disease must be present 
but the nature of the condition was not 
identified. Between attacks the child re- 
mained surprisingly well, according to his 
mother, but eventually the increasing severity 
of attacks and some deterioration of his liver 
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function studies had resulted in referral to 
the University Hospital. 

Physical examination. The patient was 
fairly well developed for his age (Fig. 1). 
Since his disease was then in a quiescent 
period, definite jaundice was not noted, and 
in fact laboratory studies disclosed a normal 
serum bilirubin level. The abdomen was pro- 
tuberant, with right upper paramedian and 
appendectomy scars. Despite tenderness and 
rigidity in the right upper quadrant, it was 
possible to outline the liver margin approxi- 
mately 3 fingerbreadths below the costal 
margin. The spleen was not palpable. The 
stools contained bile pigment. 

Laboratory and other studies. The white 
blood count was 11,500 with an essentially 
normal differential, hemoglobin 12.3 Gm. 
(79 per cent) and hematocrit 39 per cent. 
Urinalysis was within normal limits. Plasma 
chemistry values were as follows: total pro- 
tein 8.7 Gm. per cent (albumin 4.4 and 
globulin 4.3), total bilirubin 1.0 mg. per cent 
(direct 0.8 mg.), thymol turbidity 3.4 units 
with a negative cephalin flocculation, pro- 
thrombin level 21 per cent of normal control 
but correctible to 85 per cent. A blood cul- 
ture was negative. Cholecystograms revealed 
faint opacification of the gall bladder and 
possible enlarged ducts within the liver. 

An intravenous cholangiogram (Fig. 2) 
disclosed considerable dilatation of the bile 
duct radicles within the liver, but the com- 
mon bile duct was not opacified. 

First operation in University Hospital. On 
Aug. 17, 1659, a laparotomy was performed. 
The gall bladder was normal. The cystic 
duct was not remarkable, but the common 
duct was moderately enlarged and_ sur- 
rounded by numerous lymph nodes at its 
lower end. Upon opening the common duct 
it was found possible readily to pass instru- 
ments into the duodenum, but there was ob- 
struction proximally at the level of conflu- 
ence of the right and left hepatic ducts. An 
operative cholangiogram (Fig. 2) confirmed 
the presence of obstruction of the common 
hepatic duct at its origin. Only a very small 
amount of the radiopaque medium could be 
forced past this level. Further exposure re- 
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vealed that both the right and left hepatic 
ducts were firm, reduced in diameter, and 
almost cordlike. A small probe could not be 
passed through either of these from the 
opening in the common hepatic duct. 

At this point a decision had to be made 
regarding the excision of a portion of one 
lobe of the liver, to search for a dilated duct 
which might be anastomosed to some portion 
of the alimentary tract to decompress the 
intrahepatic biliary tree. Since this operation 
is often followed by stricture formation and 
less than optimal results—and inasmuch as 
the patient had had relatively long jaun- 
dice-free intervals between attacks—it was 
felt that further observation was to be pre- 
ferred. This decision was reached particularly 
in view of the fact that though the liver 
function studies had disclosed some reduction 
in the prothrombin level, there was no other 
serious evidence of hepatic functional deteri- 
oration. Accordingly, the abdomen was closed 
after the liver had been biopsied and a num- 
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ber of the enlarged lymph nodes had been 
removed from around the lower portion of 


the common bile duct. The microscopic 


studies revealed chronic inflammatory cells 
in the liver, but bile canaliculi were present 
in approximately normal numbers. 

The postoperative course was a turbulent 
one. The patient developed considerable 
fever, became quite jaundiced, and the serum 
bilirubin level rose from a normal level to 16 
mg. per cent. Treatment consisted of admin- 
istration of tetracycline, bed rest,. and other 
symptomatic measures. The fever and jaun- 
dice gradually diminished and, by the time of 
discharge on Sept. 4, 1959, had essentially 
subsided. It was the consensus that he should 
be treated with antispasmodics, cholegogues 
such as Decholin, and antibiotics whenever 
there was indication of recurrent obstruction 
of the biliary tract associated with fever. It 
was further suggested to his referring physi- 
cian that, should the symptoms progress and 
evidence of further liver functional deterio- 


Fig. 2. Operative cholangiogram demonstrating almost complete occlusion 
of the common hepatic duct at-its origin (left arrow). The main pancreatic 
duct is visualized throughout its entire length (right arrow). There was no 
deformity of the lower portion of the common bile duct and ampullary 


region. 
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Fig. 3. This illustration presents the technical steps 
employed in performing the cholangiocholecysto- 
enterostomy (en Roux Y). A, Exposure of large 
branch of right hepatic duct posterior to the mo- 
bilized fundus of the gall bladder. B, Side-to-side 
inastomosis of large intrahepatic duct to the gall 
yladder over an inlying catheter. The length of 
the stoma achieved was approximately 1.5 cm. C, 
Cholecystoenterostomy en Roux Y. This defunc- 
tionalized loop of jejunum was brought up to by- 
pass the cystic duct, in case additional stones 
should flow from the intrahepatic ductal system 
into the gall bladder and obstruct the cystic duct 
postoperatively (see text). 


ration develop, an intrahepatic anastomosis 
between one of the dilated ducts demon- 
strated by intravenous cholangiogram and 
the alimentary tract should be carried out. 

Unfortunately, intermittent attacks con- 
tinued following discharge. 

Second operation in University Hospital. 
On Aug. 9, 1960, the patient was admitted 
to University Hospital for the fourth time 
complaining of severe right upper quadrant 


pain. He was mildly febrile, the liver was en- 
larged, the white blood count was 18,400. 
The serum prothrombin level was 23 per 


cent of normal and there was no correction 
with serum or plasma. Two blood cultures 
were obtained and both were positive for the 
same organisms, namely, alpha hemolytic 
streptococci. Although the serum alkaline 
phosphatase level had been elevated on other 
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occasions, it was not currently elevated. The 
total serum protein level was 7.1 Gm. per 
cent (albumin, 4.2 Gm. per cent; globulin, 
2.9 Gm. per cent). The total serum bilirubin 
level was 9.0 mg. per cent with a direct read- 
ing of 6.0 mg. per cent. There was a moder- 
ate degree of bromsulphalein retention. 

Shortly following admission there was a 
change in the patient’s sensorium, and it 
could not be determined whether this was 
due to early hepatic toxicity or to other fac- 
tors not disclosed. In any event, he was 
placed on antibiotic therapy and after several 
days the episode of fever abated. At this time 
it was decided that operation would have 
to be performed promptly if it were ever 
going to be. 

On August 31 the peritoneal cavity was ex- 
plored through a right subcostal incision. 


Fig. 4. Cholangiogram performed through the 
catheter lying in the intrahepatic ductal system 
(Fig. 3). The ductal systems of both the right and 
left hepatic lobes are clearly outlined, indicating 
cross-communications by avenues other than the 
almost completely occluded hepatic duct. The 
radiopaque medium in the common bile duct and 
duodenum remained from a cholangiogram per- 
formed through the common bile duct earlier in 
the operation. 
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There were dense adhesions between the 
liver and the abdominal wall. Presently the 
gall bladder was identified and, by aspiration 
with a needle and syringe (Fig. 3) behind 
the gall bladder, one of the enlarged intra- 
hepatic ducts previously disclosed by the in- 
travenous cholangiogram was identified. In- 
asmuch as bile under pressure continued to 
pour from the needle puncture site, it was 
decided to expose this duct by dissecting into 
the hilum of the liver. The duct proved to 
be almost immediately beneath the surface 
and when fully exposed was almost | cm. in 
diameter. A No. 16 Fr. rubber catheter was 
inserted and a cholangiogram performed. 
This study (Fig. 4) disclosed cross-communi- 
cation between the ducts of the right and the 
left lobes of the liver within the liver sub- 
stance. A cholangiogram performed through 
the common bile duct below the site of the 
stenosis again showed some dilatation of the 
common bile duct as well as the previously 
identified marked stenosis of the common 
hepatic duct. 

A large number of gallstones of various 
sizes emerged with the free flow of bile which 
had been released by the incision into the 
hepatic duct in the right lobe of the liver. 
This was felt to represent still another type 
of evidence that gallstones may be formed 
where there is chronic biliary stasis, doubtless 
abetted by various other factors including 
infection. It appeared likely that many stones 
remained behind in the biliary tract despite 
the fact that all accessible concretions had 
been removed. 

At this point it was decided to anastomose 
this duct found just inside the parenchyma 
of the right lobe of the liver to the posterior 
wall of the gall bladder (Fig. 3). Further- 
more, since it was considered possible that 
the emergence of additional gallstones might 
block the cystic duct postoperatively, the 
anterior or ventral portion of the fundus of 
the gall bladder was anastomosed to an iso- 
lated Roux Y loop of jejunum. The decision 
to anastomose the gall bladder to the duct 
in the hilum of the liver was made because 
the gall bladder lay flush against the duct in 
the hilum of the liver and could thus be 
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Fig. 5. Postoperative cholangiogram performed 
through the inlying catheter. A, Cholangiochole- 
cystic anastomosis. B, Cystic duct. C, Common 
hepatic duct with proximal stricture. D, Duode- 
num. E, En Roux Y jejunal loop. It is apparent 
that the cholangiocholecystic anastomosis afforded 
drainage of both the right and left lobes of the 
liver; this fact was supported by a decline in the 
serum bilirubin level. 


sutured around the margins of the anastomo- 
sis for reinforcement against leakage. The 
side-to-side anastomosis was performed with 
an inner row of catgut sutures and an outer 
row of fine silk, the stoma being about 1.5 cm. 
in diameter. The rubber catheter was left in 
place and brought out through the fundus of 
the gall bladder and through a stab wound 
in the right flank. The anterior wall of the 


gall bladder was then anastomosed to the 


defunctionalized loop of jejunum. This loop 
of jejunum was approximately 18 inches in 
length and began about 1 foot below the liga- 
ment of Treitz. Following this, the continuity 
of the alimentary tract was re-established by 
anastomosing the divided proximal end of 
jejunum to the side of the defunctionalized 
jejunal loop. Throughout the operation there 
had been a considerable amount of oozing 
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from the adhesions which had been divided, 
but this had never been excessive and at the 
close of the procedure hemostasis was satis- 
factory. 

Postoperatively a cholangiogram was per- 
formed through the catheter which had been 
led out through the fundus of the gall blad- 
der. The instillation of the radiopaque 
medium into the duct of the right lobe of 
the liver outlined the ducts of both lobes of 
the liver, the gall bladder and the Roux Y 
loop (Fig. 5). 

The patient’s postoperative course was not 
remarkable and he was discharged on Sept. 


15, 1960. 
COMMENT 


The cholangiocholecystoenteric anastomo- 
sis constituted a satisfactory procedure, con- 
sidering the circumstances. Following the 
operation the patient has remained in fairly 
good health without jaundice up to the point 
of this writing, though the follow-up period 
thus far is only about 6 months. Some years 
of satisfactory health will be required before 
one can presume to state that the patient’s 
life has been substantially lengthened by the 
anastomosis of the hepatic duct to the ali- 
mentary tract. 


DISCUSSION 


It is not often that infants with extra- 
hepatic bile duct atresia or severe stenosis 
live long enough for the ducts within the 
liver to dilate sufficiently to permit a satis- 
factory anastomosis to the alimentary tract. 
Nevertheless, such dilatation can and does 
occur in the occasional patient, and the more 
frequent use of the intravenous cholangio- 
gram in infants and young children would 
appear indicated. Certainly such a study 
disclosed the enlarged intrahepatic ducts in 
the patient just described and led to success- 
ful decompression of the biliary tract into 
the intestine. Furthermore, the intravenous 
cholangiogram would assist in excluding in- 
fants whose ducts are too small for successful 
anastomosis. Longmire and Sanford' were 
unable to find suitable ducts in 3 infants 
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when exploratory operation was performed 
for the purpose of performing a cholangio- 
enterostomy. It is also helpful to realize that 
there may be free intrahepatic communica- 
tion between the ducts of the two lobes of 
the liver, as demonstrated by the cholangio- 
gram performed through the duct uncovered 
in the substance of the right lobe of the liver 
at the §me of the last operation. 


SUMMARY AND CONCLUSIONS 


1. The case of a 14-year-old boy with con- 
genital hepatic duct stenosis is reported. An 
intravenous cholangiogram disclosed marked 
dilatation of the ducts within the liver, and 
it was possible to carry out a side-to-side 
anastomosis of a large branch of the right 
hepatic duct with the gall bladder, which in 
turn was anastomosed to a defunctionalized 
loop of jejunum. 

2. A large number of intrahepatic calculi 
were evacuated through the intrahepatic 
duct prior to anastomosis, but doubtless 
many more remained behind. The impor- 
tance of the stasis factor in biliary stone for- 
mation, doubtless abetted by infection, is 
emphasized. 

3. The cholangiogram performed through 
the branch of the right hepatic duct revealed 
ready cross-communication between the 
ductal systems of the right and left hepatic 
lobes. 

4. The more frequent use of intravenous 
cholangiography in infants and children with 
jaundice is indicated to detect congenital bile 
duct stenosis. This study might disclose in- 
trahepatic ducts sufficiently dilated to permit 
successful cholangioenteric anastomosis for 
decompression of the biliary tract. 

5. A major factor limiting longevity in the 
presence of bile duct atresia or stenosis is the 
progressive deterioration in liver function 
secondary to chronic biliary stasis with inter- 
mittent attacks of infection. 


REFERENCE 


Longmire, W. P., Jr., and Sanford, M. C.: 
Intrahepatic Cholangiojejunostomy With Par- 
tial Hepatectomy for Biliary Obstruction, Sur- 
gery 24: 264, 1948. 














TROPICAL 


PEDIATRICS 





The children of the San Blas Indians of Panama 


An ecologic field study of health and nutrition 


D. B. Jelliffe, M.D.,* E. F. P. Jelliffe, S.R.N., 


L. Garcia, B.Sc., and G. de Barrios 


KAMPALA, UGANDA, AND PANAMA CITY, 


Tue San Blas, or Cuna, Indians, who 
number about 20,000, inhabit the Comarca 
de San Blas on the Caribbean coast of the 
Republic of Panama, which is made up of 
over 360 small coral islands together with a 
150 mile stretch of uninhabited, jungle- 
covered mainland (Fig. 1). 

The San Blas people are short, square 
Amerindians, who have remained almost 
unmixed with other peoples by means of 
such deterrents as the drowning of women 
who have become pregnant by foreigners, 
and by not permitting non-Cuna males to 
remain on the islands at night. 
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PANAMA 


The Cunas once extended across the 
Isthmus but, in part as a result of persecu- 
tion by gold-seeking Spaniards in the six- 
teenth and seventeenth centuries, have mi- 
grated to their present comarca, leaving only 
one small inaccessible pocket of inland dwell- 
ers around the headwaters of the Bayano 
and Chucunaque Rivers. Other early con- 
tacts with foreigners were with European 


* and with such religious refugee 


pirates, 
communities as French Calvinists and the 
abortive colony of New Edinburgh, started 
by the Scotsman, William Patterson, on the 
Darien coast in the late seventeenth century. 

Long-standing and understandable distrust 
of outsiders again came to a head in 1925 
with the Revolucion de Tule, a short-lived 
uprising against the Panama Government, 
resulting in legislation giving the Indians 
greater responsibility in governing them- 
selves and defining the limits of the comarca, 
within which only Cuna may own land 
or build houses. 
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MODE OF LIFE 


A two-phased way of life has developed, 
consisting of island activities and those on 
the coast.* 

Island. Apart from 4 small clusters of 
houses on the coast itself, the San Blas 
people live in “villages” on flat coral islands, 
which lie, protected by a seaward barrier 
reef, a few miles off the coast (Fig. 2). An 
estimated 24 million coconut palms cover 
the islands (and coastal fringe); the only 
other food grown offshore is breadfruit, 
found in some places only. Pigs and chick- 
ens are kept in water-edge pens. Turtles are 
reared, from eggs or newly hatched animals 
that have been discovered, in small contain- 
ers to start with, and ultimately in a com- 
munal village turtle pen, built of coral rock. 

The main source of protein is fish and 
other seafood, including turtle (and their 


eggs), lobster, conch (Tripneustes escu- 


lentus), and a variety f" shellfish. Fish, 


which is sometimes smoKke-dried, is caught 


by line, fish spear, bow and arrow, and 


August 1961 


various different nets, traps, and pens. No 
milch animals exist, and the only milk avail- 
able is in a powdered, condensed, or evapo- 
rated form, a few tins of which are usually 
available in the occasional small village 
store or on sale in the launches traveling 
through the islands buying copra. 

Apart from rain collected in small bar- 
rels, no fresh water is found on the islands, 
although shallow wells are dug and the 
slightly salty water obtained is used for 
washing. 

Mainland. The mainland is the source of 
vegetable foods, water, firewood, and game. 
Family plantations, cleared from the jungle, 
support plantains, yams, cassava, maize, 
sugar cane, rice, cocoa, coffee, tobacco, and 
chilies, as well as occasional avocados, pine- 
apples, mangoes, limes, oranges, star ap- 
ples, guavas, and pawpaws. 

Water is collected in gourds (which are 
grown on the islands) each day by women 
who paddle in their cayucos of hollowed 
tree trunks to the mainland river that is al- 
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Fig. 1. Republic of Panama, showing the Comarca de San Blas (including islands). 


1. Porvenir, Wichipuala, Nalunega 
2. Carti group 

3. Arritup 

4. Rio Azucar 


5. Nargand, Corazon de Jesis 
6. Tikantikki 

7. Ailigandi 

8. Achutup 

9. Ustup 
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Fig. 2. Typical inhabited low-lying coral island of the San Blas group, covered with coconut 


palms. 


ways to be found on the coast adjacent to 
inhabited San Blas islands. Firewood is also 
gathered. 

Hunting is carried on by some men for 
wild game, such as peccary, tapir, agouti 
(conejo), iguana (and their eggs), various 
birds, and some species of monkeys. Traps 
for birds and animals, including tapir pits, 
are used, but the gun is most frequently em- 
ployed. The traditional blowpipe (putii) 


is no longer used to any great extent, al- 
though it is claimed that this was an ac- 
curate and lethal weapon, with the dart 
point tipped with a mixture containing 
snake venom. River fish are caught by 


means of stupefying plant poison, according 
to Nordenskiédld and Wassén,* probably 
Tephrosia toxicaria. 


GENERAL DIET 


Food is usually boiled, although plan- 
tains, maize, lobsters, conch, and other shell- 
fish are roasted in the embers. The basic 
dish in the morning is chucula, a mixture 
of the flours of ground maize and cocoa, and 
water, sweetened with sugar or the juice 
pressed from the sugar cane. The main meal 
is in the early evening and typically con- 
sists of plantains (sometimes with yams or 
cassava) boiled in coconut “milk,” with fish 
added. (Residual coconut meat after the 
“milk” has been expressed is not eaten, but 
used for pigs or poultry. ) 


Various foods are not eaten, such as cer- 


tain types of monkey and, until recently, 
turtles (which were forbidden by Ibeorgun, 


the mythical hero of the tribe, as having 
been the second creature created by God, 
so that a few decades back captured turtles 
had their shells removed, but were then 
thrown back into the sea). Sharks, alli- 
gators, and ant bears are not consumed 
because their flesh is not considered pal- 
atable. Sloth is eaten for medicinal reasons 
only; sea urchin and octopus (widely used 
in other parts of the world) are not taken. 
Alcohol, in the form of fermented chica de 
maiz (sweetened maize gruel), is used ex- 
clusively on certain ceremonial occasions, 
such as the “hair-cutting” ritual of young 
girls. 


ORGANIZATION, HOUSING, 
AND ECONOMICS 


The Cunas are matrilocal, so that 
daughters are a source of wealth as, on 
marriage, a man goes to live permanently 
with his wife’s family, where he works un- 
der the direction of the senior male mem- 
ber of the household. 

The San Blas Indians have 3 senior 
chiefs (caciques), while each island has a 
lesser chief (saila). The representative of 
the Government, the intendente, is stationed 
at Porvenir. 

Each island has a large meeting hall (con- 
greso or Ibeorgun-nega*) where the men 
meet together at very frequent intervals, lis- 


*House of Ibeorgun, the mythical Cuna hero sent by 
God to teach them rules of behavior, laws, kinship names, 
the use of nose rings, and the way to employ nuchu (wood- 
en figurines) to cure illness. 
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ten to the chief describing the origin of the 


people and recent events (all of which are 
chanted by him while reclining in his ham- 
mock), and discuss and debate future plans. 

Houses are rectangular, with sturdy up- 
rights and beams of very durable hard wood 
brought with difficulty from the deep jun- 
gle. The roof is of thick palm thatch, and 
the walls, which have no windows, are of 
cane separated by about an inch to permit 
the entry of light and ventilation. House 
building (as with other large-scale activities, 
such as fishing with big seine nets) is car- 
ried out communally. 

The main house, which has no partitions, 
is used by all the family, who sleep there in 
their hammocks. A feature of this dormi- 
tory house is the light left burning at night, 
according to Nordenskiéld and Wassén, per- 
haps because this was necessary in previous 
times when they inhabited the mainland 
where there are vampire bats (Desmodus 
rotundus).* 

The kitchen is usually a separate hut, in 
which the fire, made of 3 logs arranged in 
a stellar fashion, is always kept burning. 
Metal cooking pots are usual, with small 
vessels and ladles made out of dried gourds. 

One end of the house abuts on the sea, 
and between it and the water’s edge are the 
bathing enclosure and, to one side, the pig- 
sty and the chicken house. The family 
cayucos are drawn up on wooden ramps 
and, in the shallow water, a lobster pen is 
often constructed in which live lobsters are 
kept after being caught. In more sophisti- 
cated islands, a toilet is erected over the sea. 

The San Blas Indians are relatively pros- 
perous, particularly because the coconut 
palms supply a predictable crop of copra, 
with a steady market, which is collected 
both by privately owned interisland boats 
and by several launches run cooperatively 
by Indians themselves. In addition, some 
men go to work for periods in the Canal 
Zone, some fish is sold, and visits to more 
accessible islands by tourist boats furnish 
further minor sources of money, as by the 
sale of the unique molas (blouses) or by 
posing for photographs. Finally, the near- 
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ness of the Colombian border readily per- 
mits smuggling boats to sell various com- 
modities to the Indians, such as coffee and 
sugar, at half the usual Panamanian price; 
while, at the same time, the Cuna people 
are exempted from paying income tax. 


ASPECTS OF CHILD REARING 


Female children. The birth of girls is 
more a matter for congratulation than is 
that of male children, partly because, with 
the matrilocal system of marriage, girls will 
increase the size and working power of the 
family. 

Boys usually wear few or no clothes and 
no ornaments, save for a necklace of teeth, 
until about 10 years of age. There are no 
ceremonies for male children, and circum- 
cision is not practiced. By contrast, little 
girls start wearing the decorative mola, ac- 
quiring gold ornaments, and having their 
cheeks painted with makepa (a homemade 
rouge prepared from the leaf of the tree 
Bixa orellana) from an early age, and the 
black line of saptur (Gentpa americana) is 
drawn down the center of the nose to ac- 
centuate its size—a large nose being consid- 
ered attractive (Figs. 3 and 4). 

The 3 most important Cuna ceremonies, 
as taught by Ibeorgun, are all for young 
females. The first of these is the piercing 
of the nasal septum (mola surpa) at the 
age of a month or so, for subsequent use 
with the gold nose ring. The second ritual 
is at the time of the first menstruation, when 
the girl is painted with the blue-black 
saptur, has her previously long hair cut to 
half length, has ritual baths, and so on. 
The third, and most important, celebration 
lasts for 4 days and nights. It takes place at 
a variable time after the first menstruation 
ritual. The village kantule ‘(chanter) and 
his assistants sing of the girl’s past and 
possible future to the accompaniment of the 
flute and maracas. Fermented chicha of 
maize and 3-foot-long cigars are provided 
for guests. At the ceremony, the girl’s hair 
is cut to its permanent short length and sub- 
sequently she is marriageable. 

Defecation. The child is shown how to 
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defecate in the sea from an early age so 
that, shortly after being able to walk, he 
will pass stools standing up to his thighs in 
the sea. (Older children and adults appear 
to be very “modest” about defecation and, 
unless a toilet is available, pass stools at 
night, if possible. ) 

Discipline. Parents are never permitted to 
chastise their children, and it is stated that, 
in the traditional Indian concept of the 
afterworld, there is a river of blood in which 
those who beat their children will be pun- 
ished. Older boys at school, at least on 
some islands, have to attend the weekly 
boys’ meeting at the congreso where their 
schoolteacher can have them beaten on the 
back by a village policeman, who uses a 
nettlelike stinging plant. 

Sex. All reference to sex is kept from chil- 
dren by elaborate means. Childbirth, which 
is conducted secretly, is called koe-kae (“to 
catch the deer’), because children are told 
the newborn babies have been found in the 
forest carried between a deer’s horns or put 


on the beach by a dolphin. Various means 
are adopted to prevent children from see- 
ing animals, such as bitches, giving birth; 
and intercourse is stated to be carried on 


only on the mainland.* 

Menstruation is also an avoided subject 
and, as in many parts of the world, is re- 
ferred to obliquely by the expression an 
yokkorviskipiskitti “I have a pain in my 
knee”) .° 

Kurkina. A Cuna concept of great im- 
portance is, as stressed by Nordenskiéld and 
Wassén, that of kurkina or inborn special 
characteristics or talents, which can be en- 
hanced in the particular child by the cor- 
rect medicines, mostly given in the form of 
baths.* As mentioned later, these baths are 
based on the idea of acquiring the “spirit” 
from some object, so that, for example, 
baths with water soaked in the pages of a 
book will enhance a child’s kurkina for 
knowledge. 


MEDICAL IDEOLOGY 


The Cuna concept of disease, and its 
cure and prevention, is intimately inter- 
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Fig. 3. Group of San Blas girls, showing nose 
rings and characteristic molas (blouses). 


Fig. 4. Young San Blas girl, with nose ring, mola, 
and cosmetic “nose line,” carrying young brother, 
who is covered with black saptur as a protec- 
tion against “prickly heat.” 
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Fig. 5. Nuchu, wooden figurines, used in healing 
by nele. Note Western style dress. 


woven with their world view. It has much 
more than theoretical interest and is of 
practical importance to public health work- 
ers, as was found in the present field study. 

Basically, the “thought world” of the 
San Blas Indian is revealed in the numerous 
incantations and in the ancient Aztec-like 
picture writing and has been fully docu- 
mented by the Gothenburg school of eth- 
nographers, including Nordenskidld, Was- 
sén, and Holmer.** It is based on the con- 
cepts that all things have a spirit and that 
God created everything, including ponikan 
(evil spirits responsible for illness and 
death), as well as the various healers who 
employ medicines containing the spirits of 
trees, plants, and other things to bring some- 
one back to health. 


Disease is believed to be caused by evil 


spirits who, in minor disease, may enter the 
body but who, in serious illness, abduct the 
person’s soul (purpa} and carry it off to one 
of the 8 layers of the underworld. In con- 
trast to Africa, the concept of witchcraft 
is rare. 

As a guard against evil spirits, everyone 
is thought to possess a nika, which sur- 
rounds a person like a protective cloud. A 


August 1961 


child has a much weaker nika, and a neck- 
lace of jaguar teeth is felt to help strengthen 
this. 

Various categories of healers are found. 
The most important is the nele, who is usu- 
ally male but may be a woman. A nele is 
recognizable at birth as he is born with 
his head in the membranes. His mysterious 
abilities as a diviner are then inherent and 
present from birth, but are further devel- 
oped during childhood. The basic function 
of the nele is to “diagnose” the cause of the 
disease, that is whether the illness is due to 
invasion of the body by evil spirits or to soul 
abduction (and, if so, what ponikan are re- 
sponsible and where the soul has _ been 
taken). 

Diagnosis is accomplished by the nele 
placing his nuchu (carved figurines of spe- 
cial wood and usually in old-fashioned 
European dress) under the sick person’s 
hammock (Fig. 5). Incense smoke is pro- 
duced by burning cocoa beans or Spanish 
pepper on a brazier. To the accompaniment 
of prolonged incantations, the nele, who is 
smoking a pipe, sends the spirits of the 
nuchu to discover the cause of the illness. 
If it is caused by spirit possession, various 
medicines may be recommended, both orally 
and in the form of baths. In the case of soul 
abduction, the spirits of the nuchu will have 
to be despatched for its retrieval. 

The inatuleti has no inherent knowledge, 
but learns his craft, which is based on em- 
pirical herbalism and sympathetic magical 
procedures, such as the use of a whitish 
sap as a galactagogue or a red juice to re- 
generate blood. Similarly, baths, given from 
a small medicine canoe, may be employed, 
as with water in which gramophone needles 
have been placed to improve the voice, or 
with water in which electric light bulbs 
have been put to overcome delayed labor 
(which is thought to be due to “something 
the size of the bulb” blocking the birth 
canal). 

The apsoketi is a special category of 
healer employed in epidemics, conceived of 
as a massive invasion of the community by 
evil spirits. Large numbers of nuchu of 
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Table I. Weights of infants according to Gémez classification™ 




















Age group Total “Normal” First degree Second degree Third degree 
(months) No. No. | % No. | % No. % No. | % 
Birth to 6 43 26 60 14 33 3 7 0 0 
7 to 12 76 7 9 47 62 22 29 0 0 





Table II. Weights of children of 13 to 30 months, according to Gémez classification™ 




















Total | “Normal” | First degree Second degree Third degree 
Group No. | No. | % | No. | % No. | %o No. | %o 
Sophisticated 80 12 15 37 46 28 35 3 4 
Semisophisticated 64 + 6 38 58 19 29 3 5 
Traditional 56 dt 7 27 47 20 35 5 9 
Combined 200 20 10 102 50 67 34 11 6 





Table III. Weights of children aged 31 to 48 months according to Gémez 

















classification" 
Total “Normal” ® First degree Second degree Third degree 
Group No. No. | % | No. | % No. | % | No. | % 
Sophisticated 54 17 32 22 52 15 28 0 0 
Semisophisticated 64 14 22 33 51 16 25 1 2 
Traditional 59 12 20 28 47 14 24 § 9 
Combined 177 43 24 83 47 45 26 6 3 





balsa wood are carved and, with much ac- 
companying ritual, the apsoketi chants for 
6 to 8 nights, so that, if successful, the 
spirits of the nuchu ultimately drive out the 
evil spirits. 


METHOD OF SURVEY 


The present survey was intended to as- 
sess the general health of the San Blas chil- 
dren from birth to 4 years of age, with 
especial relation to their nutritional status 
and to such conditions as might be either 
conditioning factors in the etiology of mal- 
nutrition, or important public, health prob- 
lems, or both. 

Plan of operation. The team was based on 
Porvenir, Nargana, and Ailigandi (Fig. 1) 
and successively visited representative 
islands in the 3 areas by launch or cayuco. 
It was intended that on each island the 
total child population up to the age of 4 
years would have the following procedure: 


weight, clinical examination (nutritional 


syndromes, stigmas of malnutrition, skin dis- 
ease, etc., according to a schedule given 
specimens (thick 
blood film for malaria, hemoglobin and 
stools for intestinal helminths), and quali- 
tative dietary details from the mother. 
However, despite working through the 
chiefs, it was found to be impossible to 
carry out the full planned procedure on most 
of the more “traditional” islands, where the 
attitude was of suspicious uncooperativeness. 
It was apparent that, in these circumstances, 
the team in no way supplied a “felt need” 
of the local population. Modern medicines, 
including chemotherapy, were not wanted 


elsewhere) ,° laboratory 


for even severe illnesses, such as panophthal- 
mitis, a situation quite understandable if 
related to the totally different concept of 
disease embedded in the local culture. In 
addition, fear was expressed that the team’s 
efforts would result in the sore arms that 
had been the result of previous vaccination 
and T.A.B. campaigns. Under these cir- 
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cumstances, the only activity possible was a 


house-to-house inspection for such syn- 
dromes as kwashiorkor, nutritional maras- 
mus, and rickets. 


RESULTS 


Level of sophistication. It became appar- 
ent that the present-day San Blas Islands 
vary greatly in their sophistication and mod- 
ernness, as judged by presence of schools, 
churches, and shops, understanding of lan- 
guage other than Cuna (i.e., Spanish or 
English), dress of women (whether molas 
and nose rings, or simple frocks), activities 
of women (varying from traditional to the 
development of a basketball team), and 
acceptance or rejection of offered modern 
medicines. On a rough basis of this sort, 
islands visited were divided into the follow- 
ing three categories: 

1. Sophisticated. Rio Azucar, Corazon de 
Jesis, and Nargana (with its first school in 
1909 and the nose ring given up in 1938). 

2. Semisophisticated. Aligandi, Ustup. 

3. Traditional. Wichipwala, Naluneka, 
Arritup, Rio Sidras, Carti Suitup, Carti 
Mulatup, Carti Tupile, Tikantikki, and 
Achutup. 

Numbers. The survey included 769 chil- 
dren. A total of 506 children were examined 
fully, comprising 129 infants and 377 chil- 
dren 1 to 4 years old; while 263 children 
were seen by house-to-house inspection (80 
infants, 183 preschool age). 

Nutritional status. 

Syndromal assessment. Of the total 769 
children aged up to 4 years, none were seen 
with kwashiorkor or nutritional marasmus, 
and of the less clear-cut syndromes of 
protein-calorie malnutrition’ only 2 (aged 
12 and 14 months) were observed with 
what may be termed mild or early 
kwashiorkor. 

Infantile scurvy was not noted while, by 
contrast, clinically manifest rickets (as 
judged by a large square head, with widely 
open fontanel, Harrison’s sulcus, and epi- 
physeal enlargement) was seen in 5 out of 
129 (3.9 per cent) infants (aged 3, 6, 8, 8, 
and 9 months), and in 9 out of 377 (2.4 per 
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cent) of older children (aged 13, 14, 15, 16, 
18, 19, 21, 22, and 24 months). 

Nutritional indicators. No children were 
found who showed the following stigmas, 
sometimes considered as “nutritional indi- 
cators’”*: pretibial edema, angular stomati- 
tis, pellagra rash, follicular keratosis, or 
Bitét’s spots.* 

Weight. Children were weighed by the 
use of a frequently checked 50-pound spring 
scale accurate to half pounds. Age assess- 
ment often presented difficulties, as in most 
tropical communities. On more sophisticated 
islands birth certificates were available; 
while, on “traditional” islands, ages, after 
the first 12 months, were usually known 
only .to the nearest year, and so represent 
approximations.+ 

No local standards of weight were avail- 
able, but they would certainly be necessary 
in view of the Cuna short, stocky physique. 
As a compromise curves prepared by 
INCAP were used which showed average 
90, 75, and 60 per cent weight levels for 
both well-nourished boys and girls in Cen- 
tral America. Tables I, II, and III show the 
classification of infants and different groups 
of preschool children into 3 degrees of mal- 
nutrition by weight." 


DIET 


Analysis of approximate qualitative data 
obtained by questionnaire on infant feed- 
ing showed that, in all 3 groups, breast 
feeding alone was successfully carried on 
by almost all mothers. The subsequent in- 
cidence of breast and bottle feeding is given 
in Table IV. 

Other food was introduced to between 
one and two thirds of the children in all 
groups in the second 6 months. This was 
most usually mashed ripe banana (after be- 


*Difficulties of correlation of signs with specific dietary 
deficiencies have been re-emphasized by Darby and associates® 
who have shown a lack of correlation between Bitét’s spots 
and vitamin A lack. 


+If more time had been available, ages could have been 
ascertained with greater precision as, according to McKim, 
a traditional calendar of lunar months exists, including igua- 
na egg-laying moon (February), corn-sprouting moon (June), 
hawk moon (annual flight of hawks) (September), etc.” 
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Table IV. Breast and bottle feedings among 


children between 7 and 24 months in the 3 
groups 








Breast feeding 
(%) | Bottle 
With feed- 
Total other | To-| ing 
Group No. | Alone} food | tal | (%) 











7 to 12 months 


Sophisticated 22 14 77 «9164 
Semisophisticated 24 64 33 97 13 
Traditional 36 36 3S 8 ii 
Combined 82 26 56 82 26 
13 to 18 months 
Sophisticated 24 + 79 83 54 
Semisophisticated 24 25 54 79 38 
Traditional 27 4 78 82 30 
Combined 7 11 71 81 40 
19 to 24 months 
Sophisticated 27 0 33-33 
Semisophisticated 29 3 72 76 
Traditional 19 0 79 79 
Combined 75 1 64 65 





ing boiled in water or roasted on the em- 
bers), or yams, cassava, or malanga (all 
boiled and made into a purée). Earlier in- 
troduction of foods, including bought in- 
fant foods, was more usual among the 
sophisticated mothers. Chucula, a popular 
thick drink made of maize flour, ground 
cocoa beans, cane juice (or sugar), and 
water, was also given, especially the more 
fluid part. However, all foods, when used, 
were given in very small amounts and were 
poor sources of protein. 

Additional feedings of cow’s milk, either 
evaporated or powdered, were stated to be 
given by many mothers in all groups, but 
more frequently and earlier between 7 and 
12 months in the sophisticated islands 
(63.6 per cent) than in the semisophisti- 
cated (12.5 per cent) or the traditional 
(11.1 per cent). As far as could be judged 
by questioning and by observation, only 
small quantities are given at best. 

In more traditional groups, breast feed- 
ing usually appears to be uneventful, per- 
missive, and prolonged until and through 
the subsequent pregnancy. “Communal 
breast feeding” is the rule, whereby a child 
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is suckled by a relative, such as the grand- 
mother or aunt, if the mother is not avail- 
able, as when she has gone to the main- 
land or when the child is temporarily no 
longer breast fed by the mother when a 
sibling is born. Subsequently, after some 
months, the older child may again be oc- 
casionally breast fed by the mother, while 
she is also feeding the younger infant. Milk- 
like substances believed to be galactagogues 
are given by the inatuleti if lactation is con- 
sidered to be inadequate. 

Among sophisticated mothers, _ breast 
feeding was carried on until 13 to 18 months 
in 83.2 per cent, but into the 19- to 24-month 
period in only 33.3 per cent as opposed to 
75.8 per cent in the semisophisticated and 
79.0 per cent in the traditional. In ad- 
dition, bottle feedings were more common 
in the sophisticated group. 

Fish, the main available source of animal 
protein apart from breast milk, was rarely 
used in the first year of life by mothers of all 
groups, who mostly regarded breast milk as 
sufficient by itself. Fish was regarded as 
dangerous to infants because of the bones; : 
other foods were considered indigestible. . 

Basically, the young child receives small, 
but slowly increasing, amounts of the adult 
diet in the second year of life and subse- 
quently. Fruit, although growing in con- 
siderable variety, is eaten in season, but 
not given to the young child. No salt is ever 

















Table V. Hemoglobin levels of 103 infants “ 
and 330 preschool children 
ie No. | Hemoglobin (Gm.% ) 

sam- 11 to 9 to 

ples |11+| 9+ | 7+ | <7 
Infants 103 49 34 15 2 
1 to 4 years old 330 58 29 10 3 





Table VI. Certain commoner skin diseases 








| “Fungus | 

| Miliaria | infec- Im- 
Age group| No. | rubra tion” | petigo 
(months) | examined| %) \| (%) | (%) 
Birth to 12 119 4 13 2 
13 to 48 377 35 7 3 
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used in cooking, while, as noted, fresh water 


is not drunk, but only chucula or other simi- 


lar beverages, and coffee. 
HEMOGLOBIN 


Blood was collected in Drabkin’s solu- 
tion and subsequently estimated with a 
Fisher photoelectric hemoglobinometer. Re- 
sults for infants and 1- to 4-year-old chil- 
dren of all groups are shown in Table V, 
analyzed into the following levels  (ex- 
pressed in grams per 100 ml.): 11+, 11 to 9+, 


9 to 7+, < 7. 
PARASITES 


Malaria. An examination of 483 Giemsa- 
stained thick blood films from 106 infants 
and 377 preschool children were all nega- 
tive for malaria and for microfilaria. No 
spleens were palpable, while the prevalence 
of hepatomegaly (probably most usually an 
index of chronic malaria in tropical children) 
was only 0.8 per cent in all those exam- 
ined.** 

Intestinal helminths. Sufficient stool for 
examination was obtained by the anal-tube 
technique in about two thirds of attempts. 
Stools in infants in the first 6 months were all 
negative, while in the second semester 10.9 
per cent showed Ascaris lumbricoides ova. 

No difference was found between results 
in preschool children in the different groups. 
Combined results in 245 examinations in 1- 
to 4-year-old children showed the follow- 
ing positives: A. lumbricoides 41 per cent 
of which one quarter showed a “heavy” 
infection), Trichuris trichiura 3 per cent, 
Ancylostoma duodenale (or Necator ameri- 
canus) 1 per cent. Giardia cysts were found 
in 5 per cent and the ova of Enterobius vermi- 
cularis (probably scraped from the anal 
margin) in | per cent. 


SKIN DISEASE 


Certain skin diseases were common (Table 
VI). Miliaria rubra (“prickly heat”) was 
the most frequent and was often extensive, 
involving considerable areas, especially on 
the forehead, neck, and upper chest wall. 
“Fungus infection” was mainly clinically 
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diagnosable as tinea versicolor,’** or as 
moniliasis of the moist skin of the perineum, 
axilla, or neck. No classical scalp or body 
ringworm was seen. Impetigo, always bullous 
and frequently circinate, was not infrequent. 
No yaws, leprosy, jiggers (Tunga penetrans), 
or molluscum contagiosum was observed, 
while, unexpectedly, only one child with 
probable scabies was found. 


MISCELLANEOUS CONDITIONS 


Caries. Dental caries was found in 31 
per cent of the 1- to 4-year-old children and 
was usually extensive, involving some, or all, 
of the upper incisors with the initially cres- 
centic erosion noted in tropical children 
elsewhere, as in Jamaica™ and in Fiji.” 
Percentage involvement in the different 


Fig. 6. Albino boy, with marked photophobia, 
outside a typical house. Compare with normal- 
colored child behind. 
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Fig. 7. Older girls, albino in center. Note molas, 
nose rings, and sea-going canoe. 


groups was sophisticated 29 per cent, semi- 
sophisticated 41 per cent, and traditional 
22 per cent. 

Vaccination. As judged by identifiable 
scars, only 3 per cent of infants, and 14 per 
cent of 1l- to 4-year-old children had been 
vaccinated. No difference was evident among 
the 3 groups. 

Albinism. It has long been known that 
the San Blas Indians have a high rate of 
albinos’ and an enumeration of albinos of 
all ages on 3 islands gave the following ap- 
proximate prevalences in the total popula- 
tions: Nargana and Corazon de Jests (Yan- 
tup and Nusatup), 2 per cent, Ailigandi 3.5 
per cent, and Ustup 0.8 per cent (Figs. 6 
and 7). 

Respiratory infection and tuberculosis. It 
was apparent, and recognized by the people 
themselves, that respiratory tract infections 
were very common, particularly in the rainy 
season. Thus, in the total of 377 preschool 
children seen, 6 cases of bronchopneumonia 
were treated; while, for example, on the 
island of Ustup one quarter of all children 
seen showed evidence of moderate or severe 
respiratory infection, as judged by cough, 
fever, rhonchi, and nasal discharge. 

It was impossible to assess the prevalence 
of infection with the tubercle bacillus. A 
Heaf gun had been brought, but tuberculin 
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testing was not feasible because of the im- 
possibility of re-examination. 


DISCUSSION 


Nutrition. No kwashiorkor or other se- 
vere syndrome of protein-calorie malnutri- 
tion was seen, a finding confirmed by Ber- 
mans,’® who had not seen a case of kwashi- 
orkor in 8 years’ experience in the San Blas 
Islands. 

Analysis of body weight, as noted pre- 
viously, was complicated in some places by 
lack of precision as to age and everywhere 
by the absence of a local Cuna standard. 
However, comparison of weights, classified 
according to the method of Gémez," in dif- 
ferent age groups with standards prepared 
for use in Central America by INCAP, 
showed relatively “normal” weights in the 
first 6 months, but less so in the second 
semester. Following this, growth deterio- 
rated between the ages of 13 and 30 months 
but thereafter, between 31 and 48 months, 
improved but was still often below the arbi- 
trary standard (Tables I, II, and III). 

This 4-phased growth cycle in infancy and 
the preschool period is also common to 
many, if not most, tropical regions, where, 
as in the present study, it reflects the pat- 
tern of infant feeding. Among the San Blas 
Indians, this consists of breast feeding dur- 
ing the first year, supplemented with only 
occasional and small amounts of largely car- 
bohydrate foods, such as banana, yam, and 
cassava or, in the case of some mothers in 
the sophisticated group, with imported tins 
of baby foods. 

In all groups, a mixed diet based on local 
resources, especially fish, is introduced later 
than is desirable—that is, during the second 
year of life. However, mothers in the so- 
phisticated groups more often introduce 
foods, especially tinned baby foods, earlier, 
which may be responsible for the lower 
prevalence of third-degree weight deviation 
(4 per cent) in this group than in the tradi- 
tional group (9 per cent) (Table II). 

Despite the fact that occasional bottle 
feedings, sometimes of dilute milk, were re- 
ported to be given to 64 per cent of the so- 
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phisticated group in the second 6 months of 
life as opposed to only 11 to 13 per cent in 
the other groups, there was as yet no sign of 
associated failure of breast feeding as has 
been described in other tropical regions, such 
as Buganda,"* Trinidad,’* and elsewhere.** 
At 13 to 18 months of age, 83 per cent of the 
sophisticated group were still breast feeding, 
a comparable prevalence to that of the other 
2 groups (79 per cent and 82 per cent), al- 
though breast feeding alone was much less 
frequent (4 per cent) in the former. 

After 18 months, breast feeding fell off in 
the sophisticated group (33 per cent), while 
being continued by 76 per cent and 79 per 
cent of the others. As has been mentioned, 
lactation in the semisophisticated and tradi- 
tional Cuna mothers was prolonged (some- 
times up to 4 to 5 years). Earlier cessation of 
breast feeding was almost always due to sick- 
ness or death of the mother, or to thé birth 
of another sibling. 

Communal breast feeding is a striking 
feature of Cuna infant feeding, and the 
situation of a child displaced temporarily 
from his mother’s breast by the birth of 
another child, but suckled instead by a fe- 
male relative (from whom he has already 
been having sporadic feedings) is a striking 
contrast to the psychologically traumatizing 
geographic separation that has been recog- 
nized in Buganda as a conditioning factor 
in the etiology of kwashiorkor.*° 

Hemoglobin levels of 11 Gm. per 100 ml. 
or less were present in 51 per cent of in- 
fants and in 42 per cent of 1- to 4-year-old 
children (Table V). 


this anemia is unknown, it seems probable 


While the etiology of 


that iron deficiency may play a considerable 
part, in view of the iron-poor diet—breast 
milk and certain starchy foods—usual in 
early childhood and of the absence of ma- 
laria and hookworm disease. 

The relatively high prevalence of clinical 
rickets is of interest and restresses the fact 
that this condition can easily occur in the 
tropics, if conditions are suitable.** In the 
San Blas Islands, the etiology appears to be 
straightforward and is related to the facts 
that during the whole of pregnancy mothers 
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are confined to the sunless house, the diet 
of the infant is devoid of vitamin D, and, 
last, young children are deliberately kept 
out of the sunshine until they walk about by 
themselves as it is thought to be harmful. 

Parasites. Malaria was absent, as judged 
by thick blood films and by the spleen rate. 
This contrasts with the small study carried 
out in 1936, when up to 68 per cent of blood 
slides were found to be positive, mostly with 
Plasmodium vivax.** This decline may have 
resulted from the fact that Cuna Indians 
almost never spend the night on the mainland 
but return to the islands each evening and to 
a progressive migration to the islands from 
the coast, together with an antimalaria 
campaign since 1957, consisting of a yearly 
spraying of most houses with dieldrin. It is 
stated that malaria exists in the few small 
coastal mainland clusters of houses, but 
these could not be visited. None of the self- 
diagnosed cases of “malaria” seen in the 
islands yielded a positive blood film. It is 
of interest to note that the Indians tradi- 
tionally believe that mosquitoes carry blood 
away for evil spirits. 

The only intestinal helminth of any im- 
portance, as judged by anal-tube specimens 
collected in formol saline, was A. lum- 
bricoides (found in 41 per cent of preschool 
children). It seems probable that, despite 
the defecation of older children and adults 
directly into the sea, younger children must 
occasionally soil the damp, shady earth floors 
of the houses, which would provide an ex- 
cellent site for survival of ascaris ova. Infec- 
tion with hookworm (3 per cent) and whip- 
worm (1 per cent) seemed to be unimpor- 
tant; while, as Nordenskiéld and Wassén 
(1938) have noted, tapeworm is unknown, 
as would be expected when all meat, in- 
cluding pork and peccary, is very well 
boiled. 


The present findings agree in emphasis, al- 
though not in degree, with those of previous 
studies, which noted that hookworm was 


uncommon.”* Similarly, Candanedo** exam- 
ined the stools of 273 school children in 
Nargana and Corazon de Jests with the fol- 
lowing positive results: roundworm, 78 per 
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cent; whipworm, 15 per cent; and hook- 
worm, | per cent; while, of 436 of the gen- 
eral population in the island of Ustup in 
1944, Pérez Kantule found ascaris, 99 per 
cent; hookworm, 2 per cent; whipworm, 1 
per cent.‘ 

Skin disease. As noted, miliaria rubra is 
common, especially on the islands nearer to 
the coast, which are more crowded and 
have less sea breeze. The local remedy is 
striking, the infant being painted all over 
with blue-black saptur (Fig. 4). 

The common, probably streptococcal and 
fungal, skin infections are most likely re- 
lated to the frequently sweat-moistened skin 
and to the frugal use of the limited fresh 
water available. 

Albinos. The high incidence of albinos 
among the Cuna people has been known 
since 1699 when Wafer gave a long descrip- 
tion of them and estimated that there were 
about | for every 2 or 3 hundred popula- 
tion. In 1925 Harris found an incidence of 
0.7 per cent and showed the condition to be 
due to a recessive gene transmitted in accord- 
ance with Mendelian concepts.** Present find- 
ings suggest a higher incidence nowadays, in 
some islands up to 2 to 3 per cent, and this 
is explicable in relation to the continuous 
inbreeding of the Cuna community.* Com- 
parable figures among Caucasian popula- 
tions in North America and Europe are 
only 1:10,000 to 20,000.7¢ 

Nordenskiéld* was of the opinion that 
they were not permitted to marry but, ac- 
cording to Wassén and as a result of per- 
sonal observation, this is not so, yet mar- 
riage is probably unusual.‘ 

Although reputedly at one time newborn 
albinos might be destroyed, present-day San 
Blas Indians do not appear to regard an 
albino as more unusual among them than a 
very red-headed person among most Cau- 
casian groups. Indeed, one myth states that 
albinos are necessary, as otherwise there 


*A fact paralleled by a preliminary survey of blood 
groups which showed all of 100 random samples to be the 
same group, O positive.* 
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would be no one to look at eclipses, an ac- 
tivity forbidden to all other Cunas. 
Miscellaneous. Although difficult to eval- 
uate numerically on a short study, it was 
apparent that respiratory infection was com- 
mon and important, especially during the 
rainy season when the temperature can 
change rapidly and young children are 
likely to be soaked. In addition, the fre- 
quent and prolonged baths, some medicinal 
and some to develop kurkina, may play a 
part, as the infant is often left in. the bathing 
“canoe” in cold water for % to 1 hour. 
Tuberculosis is alleged to be (and prob- 
ably is) a serious problem, because of the 
crowded joint-family houses and the com- 
mon practice of spitting indoors as well as 
outside. Although no figures for disease inci- 


= : ; : 
dence are available, tuberculin testing has 


been carried out among the San Blas In- 
dians and showed the following positives: 
birth to 11 months, 5.2 per cent; 1 to 3 
years, 6.6 per cent; 4 to 6 years, 9.7 per 
cent; 7 to 10 years, 35.4 per cent; 11 to 14 
years, 66.6 per cent and 15 to 18 years, 
84.9 per cent.*’ 

Virus infections are probably numerous, 
judging by the large number of viruses iso- 
lated in the dense jungles of Central Amer- 
ica, although the small time spent by young 
children on the mainland when accompany- 
ing their mothers collecting water probably 
acts as a satisfactory barrier. No recent in- 
formation is available concerning immune 
status against yellow fever, but in 1936, 
32 per cent of a small series of blood samples 
were shown to have positive mouse protec- 
tion tests, including one girl 9 years of 
age.*? 

The commonness of diarrheal disease in 
early childhood in the San Blas Indians 
could not be assessed in a rapid survey. 
However, despite the increasing occasional 
use of bottle feedings and the personal ob- 
servation of several older children and adults 
with clinically probable acute bacillary dys- 
entery, such information as could be ob- 
tained suggested that diarrheal disease in 
young children is not particularly com- 
mon. 
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CONCLUSIONS 


Although no valid vital statistics, such as 
infant mortality rates, are available, the 
present rapid survey, carried out at one 
season only, during the rains, suggests that 
the health and nutrition of the young chil- 
dren of the San Blas Indians is quite good, 
by tropical standards, although improvement 
is both possible and necessary. 

Main nutritional problems are (1) the 
weight retardation from the second semester 
on, due to failure to introduce a mixed diet 
early based on local foods, especially fish, (2) 
clinical rickets due to v derexposure of the 
pregnant woman and young child to sun- 
shine, and (3) anemia, probably related to 
iron lack in the breast milk and carbohy- 
drate diet. All these problems are probably 
self-limiting as the child grows and, being 
caused by lack of knowledge rather than 
poverty or lack of availability of adequate 
foods, should be suitable topics for locally 
oriented health education. 

Medical problems appear to be (1) as- 
cariasis, which in the Cuna environment 
with latrines already in use might be tackled 
by a mass campaign with piperazine, (2) 
certain skin diseases, especially miliaria 
rubra and fungus infection, which are diffi- 
cult to avoid in present climatic circum- 
stances and with the problems of water 
supply, (3) dental caries of the first dentition 
of uncertain etiology, and (4) respiratory 
tract infection. 

It was of interest that despite the con- 
siderable cultural differences enumerated 
between the groups designated sophisticated, 
semisophisticated, and traditional, not much 
difference in health or nutrition could be 
detected, although the sophisticated group 
showed somewhat fewer considerably under- 
weight children. Breast feeding was unevent- 
ful and prolonged to at least 18 months in 
all groups, continuing for several years in 
the traditional group. Occasional bottle 
feedings of dried or evaporated milk were 
stated to be used by some in all groups, but 


much more so among the sophisticated. 


However, it is felt that the impact of bottle 
feeding is at present slight, although it may 
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represent the beginning of a dangerous trend, 
such as has been described in Buganda"’ 
and in Trinidad.’* Possibly an ameliorating 
factor may be that in Panama, as a whole, 
breast feeding is still the rule and is popu- 
larly identified with fulfilling a woman’s life 
role. 

It seems likely that the changes seen in 
the San Blas Islands away from the tradi- 
tional toward the more modern will con- 
tinue, as schools and missions spread. There 
also seems a good possibility that these 
trends to island “urbanization” may not have 
the ill effects on child nutrition that have 
occurred in other parts of the world, if the 
pattern of breast feeding can be continued 
and health education be introduced for more 
sophisticated groups, who appear anxious 
to learn, and who still have the surrounding 
sea and the mainland cultivations as tra- 
ditional “rural’’ food-producing areas ad- 
jacent to their modernizing villages. 
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CONSERVATION of body iron stores is a 
vital function. In a paper published in 1932, 
Lichty and co-workers' were concerned with 
this function when they wrote, “It would 
seem probable that the body would utilize 
every agency to conserve and _ reconstruct 
hemoglobin or hemoglobin building material 
under the conditions of a long continuing 
anemia due to bleeding.” The title of their 
paper was, “Renal Thresholds for Hemo- 
globin in Dogs.” They found that, when 
free hemoglobin was injected into a dog’s 
blood stream, none appeared in the urine 
until a critical threshold level was attained. 
They also found that they could lower this 


level by repeated daily injections of sub- 
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threshold amounts of hemoglobin but then, 
after a period of rest, the initial level would 
again obtain. Although, as the title of the 
paper suggests, they wrongly ascribed the 
control of this threshold to the kidney, their 
data accurately described the characteristics 
and function of a plasma protein, hapto- 
globin, the existence of which was unsus- 
pected at that time. 

The first intimations of the presence of 
such a protein in human plasma came in 
1938 when Polanovski and Jayle,’ while 
studying the peroxidase activity of hemo- 
globin, noticed that a sample of hemoglobin 
solution contaminated by serum had a greater 
peroxidase activity than might be expected 
from the hemoglobin alone. In 1940 they* 
reported the identification of a protein in 
serum which combined tightly with hemo- 
globin to form a molecule with marked per- 
oxidase activity. They named this protein 
haptoglobin from the Greek words meaning 
“to hold fast.” Thus, these two workers ac- 
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complished the first identification of a plasma 


protein by specific biologic properties and 
contributed an important link in the under- 
standing of hemoglobin transport and iron 
metabolism. Out of their observations has 
grown an expanding fund of information 
about haptoglobin and its measurement, nor- 
mal function, and alteration in disease states. 
A brief review of these developments will be 
undertaken in this paper. 


METHODS OF DEMONSTRATING 
e® HAPTOGLOBIN 


There are 4 methods by which hapto- 
globin may be demonstrated or quantitated. 

Paper electrophoresis. This method of 
quantitating haptoglobin‘ is poorly suited 
to the processing of large numbers of samples 
but is simple and employs techniques al- 
ready in use in most clinical laboratories. 
In this method a series of tubes containing 
0.1 ml. of the serum to be tested are ar- 
ranged serially and to the tubes are added 
hemoglobin solutions increasing in concen- 
tration by increments of 10 mg. per cent. 
The resulting mixtures are electrophoresed 
on paper and the stripes are stained for the 
presence of peroxidase activity. As shown 
in Fig. 1, the hemoglobin-haptoglobin com- 
plex migrates away from the point of ap- 
plication but free hemoglobin remains 
behind. Therefore, when the hemoglobin- 
binding capacity of the serum sample is 
exceeded, a second band capable of taking 
a peroxidase stain appears, which represents 
free hemoglobin. The mixture of lowest 
hemoglobin concentration in which free 
hemoglobin appears is the one in which the 
hemoglobin-binding capacity has been ex- 
ceeded by no more than 10 mg. per cent. 
The concentration of haptoglobin in the 
sample of serum is expressed as the milli- 
grams per cent of hemoglobin the serum 
is capable of binding. 

Titrimetric analyses. These methods meas- 
ure the peroxidase activity of the hemo- 


globin-haptoglobin complex to quantitate . 


haptoglobin concentration. The activation 
method of Jayle,®° which has been evaluated 
by Nyman,° is simple and especially suited 
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to analyzing large numbers of samples. 
Under controlled conditions of temperature, 
time, and pH an excess of hemoglobin is 
added to the unknown serum sample so that 
all of the haptoglobin enters into the hemo- 
globin-haptoglobin complex. The complex 
reduces ethyl hydroperoxide in the presence 
of iodide, oxidizing the latter to iodine. 
The amount of iodine formed by the end of 
the incubation period is stoichiometrically 
related to the quantity of the complex in 
the serum sample and is measured by titra- 
tion of the solution with sodium thiosulfate 
(Na,S.O;). The results are expressed as 
hemoglobin-binding capacity in milligrams 
per cent by multiplying the titration value 
by a predetermined constant. 

In the saturation method of Jayle® hapto- 
globin levels are. measured by adding in- 
creasing volumes of the unknown serum to 
constant amounts of hemoglobin and meas- 
uring the peroxidase activity of the mix- 
tures. The activity rises until the hemoglo- 
bin is saturated with haptoglobin; then, fur- 
ther addition of serum causes no increase 
in peroxidase activity. The hemoglobin-bind- 
ing capacity of the serum is calculated from 
the smallest volume of serum yielding the 
maximal activity. 

Connell and Smithies’ have described a 
method of measuring the peroxidase activity 
of the hemoglobin-haptoglobin complex with 
hydrogen peroxide as the substrate and 
guaiacol as the hydrogen donor. The forma- 
tion of tetraguaiacol during the reaction is 
followed spectrophotometrically. These last 
2 methods are not so suitable for the analy- 
sis of large numbers of samples as the activa- 
tion method of Jayle because of the in- 
creased time required to process each serum. 

Starch gel electrophoresis. Haptoglobin 
may be demonstrated by the electrophoresis 
of a serum sample in starch gel as described 


8, 9 


by Smithies. A typical result is shown in 
Fig. 2. Although quantitation is not possible 
by this method, haptoglobins have been dif- 
ferentiated into at least four genetically de- 
termined types by the pattern formed on 
starch gel electrophoresis. Further discus- 
sion of these types will follow. 
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Fig. 1. Photograph of paper electrophoresis show- 
ing the disappearance of free hemoglobin from 
the origin in the samples containing less than 120 
mg. % of hemoglobin solution. 


Immunoelectrophoresis. When a suitable 
antibody is used, haptoglobin appears as a 
single arc in the e@s-globulin region with the 
immunoelectrophoretic technique (Fig. 3). 
Hirschfeld'® has been able to separate hapto- 
globin into component arcs representing the 
genetic types by using a modified technique 
of immunoelectrophoresis. 


BIOLOGIC AND CHEMICAL 
PROPERTIES 


As presented in the introduction to this 
paper, the older concept of hemoglobin con- 
servation was that tubular reabsorption of 
hemoglobin occurred in the kidney. Now we 
know that this is true only for plasma 
hemoglobin in excess of the binding capacity 
of haptoglobin, and recently Lathem™ has 
shown that the rate of tubular reabsorption 
of hemoglobin is in fact negligible. There- 
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fore, hemoglobinuria occurs when the hemo- 
globin-binding capacity of the plasma is ex- 
ceeded by the free hemoglobin concentra- 
tion. The 
haptoglobin threshold. 

The function of haptoglobin is to bind 
free plasma hemoglobin, making a molecule 


‘ 


‘renal threshold” is really a plasma 


too large to pass through the glomerular 
basement membrane.* The hemoglobin- 
haptoglobin complex is removed rapidly 
from the circulation by the reticuloendothe- 
lial system, most of the removal orcurring in 
the liver..* With a sudden release of free 
hemoglobin into the plasma, as in acute 
hemolytic episodes, haptoglobin rapidly dis- 
appears from the plasma, and complete re- 
moval is effected in as little as 6 hours, if 
the hemoglobin load has been sufficient.’ 
Any further hemoglobin then appearing in 
the plasma could filter through the renal 
glomeruli, and hemoglobinuria would result. 
Five to 7 days are required for the restora- 
tion of the plasma haptoglobin level to nor- 
mal after such an episode. Thus, the lower- 
ing of the “renal threshold” for hemoglobin 
by the injection of subthreshold amounts of 
hemoglobin described by Lichty and co- 
workers,’ is explained by this period of rela- 
tive or absolute ahaptoglobinemia induced 
by a hemolytic episode. 

Haptoglobin is a glycoprotein'* composed 
of both protein and carbohydrate moieties™ 
and, on electrophoresis, moves as an a2-globu- 
lin. The site of production of this protein is 
not definitely known. Haptoglobin accounts 
for essentially all of the hemoglobin-binding 
capacity of plasma,** but some slight binding 
of hemoglobin by a £-globulin has been de- 
scribed by Tombs.*® 


GENETICALLY DETERMINED 
TYPES 


During his study of the plasma proteins by 
starch gel electrophoresis, Smithies* * found 
that there are different haptoglobin types as 
determined by the patterns formed on electro- 
phoresis. Studies now extended to thousands 
of individuals'*** have demonstrated four 
phenotypic groups which are genetically con- 
trolled by a pair of allelomorphic incom- 
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pletely dominant autosomal genes. The des- 
ignation of corresponding genotypes and 
phenotypes is shown in Table I. 

The use of -Hp°Hp® genotypes was sug- 
gested by Allison and others** to explain the 
occurrence of ahaptoglobinemia, a condition 
which may also be due to the presence of 
suppressor genes on a different locus.*° Gib- 
lett and Steinberg** have presented evidence 
for a third haptoglobin allele, Hp?" which 
when heterozygous with Hp’ may yield Hp™ 
or Hp®. They conclude from their studies, 
however, that further investigation is still 
required to resolve the problem of ahapto- 
globinemia. Care must be taken in the study 
of ahaptoglobinemic subjects to exclude cases 
of unrecognized hemolysis and to use tech- 
niques sensitive enough to measure small 
amounts of haptoglobin. 

Three of the known haptoglobin types 
are shown in Fig. 2. Type 1-1 presents as a 
single band, and 2-2 and 2-1 as multiple 
bands. Smithies*® has proposed that the 
plausibility of multiple protein bands being 
determined by a single pair of genes may 
hinge on the addition of a small molecular 
moiety to the basic haptoglobin molecule 
forming a hook on which polymerization 
may occur to produce haptoglobin molecules 
of varying size. Determination of molecular 
weights for some of the multiple bands of 
haptoglobin would support the concept of 
polymerization.** However, Bearn and 
Franklin** report that haptoglobin 2-1 modi- 
fied contains protein differing from the basic 
1-1 or 2-2 homozygous type. 


NORMAL HAPTOGLOBIN 
VALUES 


The normal adult haptoglobin value re- 
ported by Nyman® for a group of 133 men 
and 94 women was 110 mg. per cent of 
hemoglobin-binding capacity (mg. % Hb. 
B.C.) with a standard deviation of + 41. The 
average value in women tends to be lower 
than in men—a fact which may in part be 
related to the effect of estrogens which de- 
press, and androgens which raise, hapto- 


globin levels.° There is also a difference re- 


lated to genetic type, type 1-1 having higher 
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Fig. 2. Photograph of the results of vertical starch 
gel electrophoresis showing the patterns of the 
common haptoglobin types, 1-1, 2-2, and 2-1. 
Free hemoglobin sufficient to bind all of the hapto- 
globin was added to the samples before electro- 
phoresis, and a benzidene stain was used. 


values in both sexes than type 2-1, which in 
turn is higher than type 2-2.° Haptoglobin 
values in the normal person remain constant 


3 


over a long period of time.* Therefore, al- 
though a markedly elevated or depressed 
value on a single determination may suggest 
certain abnormal conditions, changes in 
value on serial determinations are of greater 
significance. As mentioned previously, some 
apparently normal adults are ahaptoglobin- 
emic. The condition is unusual in white 
subjects, but has been found in 30 per cent 
of Nigerian men. 
sociated clinical manifestations in this con- 
dition. 

The normal values found in adults differ 


24 There are no known as- 


markedly from values in newborn infants 
where ahaptoglobinemia is usual.* ** *° We 
have studied sera from 100 infants under 4 
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Fig. 3. Photograph of an immunoelectrophoretic 
pattern showing haptoglobin as a single arc in 
the @.-globulin region. 


days of age*® and found measurable hapto- 
globin levels by the peroxidase activation 
method of Jayle in only 8 infants. Serial de- 
terminations done on a group of 15 infants 
during the first few months of life demon- 
strated measurable levels in 5 of the group 
by 2 weeks of age and in 12 of the group by 
| month of age.*® A stable haptoglobin level 
greater than 50 mg. % Hb. B.C. was found 
in | infant at 1 month of age, and in 3 by 
the end of 2 months. In Fig. 4 are shown the 
haptoglobin levels in 3 representative infants 
during the neonatal period, demonstrating 
the variability found in this period. 

The absence of haptoglobin from the cord 
blood of most infants would suggest that 
haptoglobin does not cross the placenta. To 
test an alternative hypothesis that hapto- 
globin may be present in the fetus but re- 
moved during the process of labor, cord 
blood samples were obtained from 9 infants 
delivered by cesarean section before the cord 
was clamped.*® The level of haptoglobin in 
these cord blood samples was compared with 
levels found in prepartum maternal blood 
and in the amniotic fluid. Maternal hapto- 
globin levels were all greater than 49 mg. 
% Hb. B.C., but a measurable amount of 
haptoglobin was found in only one cord 
blood sample and in no amniotic fluid sam- 
ple. These findings suggest that haptoglobin 
is not usually produced by the fetus in utero. 
Abbas and Tovey’ have demonstrated that 
the proteins in the amniotic fluid represent a 
dialysate of maternal plasma across the 
placental membranes. The absence of hapto- 


globin in this fluid would therefore suggest 


that maternal haptoglobin does not cross the 
placenta. In the infant mentioned above 
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with a measurable haptoglobin level in cord 
blood, there was no haptoglobin demon- 
strated in the amniotic fluid. Galatius-Jen- 
sen’® has reported 3 newborn infants with 
genetically typable haptoglobin in whom the 
type differed from that of the mother. 

In summary, the infant in utero appar- 
ently does not produce demonstrable levels 
of haptoglobin in most cases and receives no 
haptoglobin from the mother’s blood. Within 
a month after birth, measurable levels are 
found in most infants and stable adult levels 
are attained from 1 to several months of age. 
The explanation for the absence of hapto- 
globin in utero and during the early neo- 
natal period remains obscure. 


CHANGE WITH DISEASE 


Changes in plasma haptoglobin level oc- 
cur in some diseases and may be helpful in 
diagnosis and evaluation of patient progress. 
Although the explanation for a decreased 
level in hemolytic states is easily understood, 
the reason for change in some other condi- 
tions, especially the increase found in inflam- 
matory disease, is not yet apparent. Further 
study may yield information about functions 
of haptoglobin other than hemoglobin trans- 
port in relation to the response to inflamma- 
tion. Some of the conditions in which altera- 
tion in haptoglobin levels are found are de- 
scribed below. 

Hemolysis. Haptoglobin disappears from 
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Fig. 4. Haptoglobin levels in 3 infants studied 
serially for the first 18 weeks of life. 
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the plasma during hemolysis as the hemo- 
globin-haptoglobin complex is removed by 
the reticuloendothelial system. The level re- 
mains below normal values for 5 to 7 days 
after hemolysis stops as the plasma hapto- 
globin is regenerated. A variety of diseases 
characterized by a shortened erythrocyte 
survival time have been described as being 
associated with low plasma _ haptoglobin 
levels.** ** Nyman** has reported low hapto- 
globin levels in pernicious anemia in keeping 
with the hemolytic component in this dis- 
ease, but when B,,. therapy was started, the 
levels returned to normal during a 2- to 3- 
week period. Determination of the plasma 
haptoglobin level can be helpful in uncover- 
ing obscure hemolytic disease and also in 
evaluating response of the hemolytic process 
to therapy. 

Myoglobinuria. This condition must be 
differentiated from hemoglobinuria. When 
the myoglobinuria results from muscle in- 
jury, the diagnosis usually is clear, but in the 
idiopathic variety laboratory support must 
be obtained. The two pigments can be sepa- 
rated by spectrophotometry but the differ- 
entiation can also be made on the basis of 
haptoglobin levels. Hemoglobinuria is asso- 
ciated with ahaptoglobinemia but myoglobin 
does not bind to haptoglobin.**: ** Therefore, 
the levels of haptoglobin will be normal in 
myoglobinuria. 

Liver disease. In acute and chronic in- 
flammatory disease of the liver, haptoglobin 
tends to be decreased, but in obstructive 
jaundice the levels are increased.* ** 

Whether the decreased levels found in 
hepatitis result from decreased synthesis, in- 
creased consumption, a change in the volume 
of distribution, or some interference with the 
characteristic identifying properties of hapto- 
globin is uncertain. If decreased syntheses 
were responsible for the low levels of hapto- 
globin, a correlation with the decrease in 
other plasma proteins produced by the liver, 
such as albumin or fibrinogen, might be ex- 
pected, but no such correlation has been 
found.® Favoring increased consumption as 
an explanation is the observation of an in- 
creased rate of turnover of erythrocytes in 


Table I. Genetic control of haptoglobin type 
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Genotype Phenotype 
Hp'Hp' Type 1-1 

Hp*Hp" Type 2-1 

Hp*Hp’ Type 2-2 

Hp*"Hp" Type 2-1 mod. 
Hp*"Hp' 

Hp*Hp™ Ahaptoglobinemia?* 


Hp*"Hp™ § 





hepatocellular disease.** Against redistribu- 
tion as a factor is the finding that hapto- 
globin levels in blood and ascitic fluid are 
comparable and the values of haptoglobin 
in cirrhotic patients with and without ascites 
are similar.* Alteration in the haptoglobin 
molecule to block or destroy the hemoglobin- 
binding group or change the characteristics 
of the complex has not been evaluated. The 
increased estrogen levels of patients with 
hepatocellular disease may be a factor in the 
depression of plasma haptoglobin values. 

The overlapping range of values found in 
patients with liver disease does not permit 
the use of the haptoglobin level alone as ab- 
solutely differentiating obstructive from he- 
patocellular jaundice. However, a high level 
favors obstruction and a low level suggests 
parenchymal liver disease, especially in the 
chronic case. 

Infectious mononucleosis. Observations on 
34 patients? demonstrated a moderate in- 
crease in haptoglobin level during the first 
week of disease followed by a rapid decrease 
in level. By the third and fourth weeks, 35 
per cent of the patients were ahaptoglobi- 
nemic, and as long as 6 to 8 months after 
clinical recovery the mean haptoglobin levels 
were significantly lower than the normal. 
There was no correlation between hapto- 
globin concentration and heterophil anti- 
body titer, the severity of throat and lymph 
node involvement, or the severity of liver 
disease as determined by hepatomegaly or 
serum aldolase. An inverse correlation with 
spleen size was suggested, the patients with 
splenomegaly having lower haptoglobin 
levels. 

Malignancy. Haptoglobin levels are ele- 
vated in patients with malignancies who 
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Table II. Conditions affecting the haptoglo- 
bin level 





Haptoglobin level Affecting condition 





Increased (greater than Inflammation 
150 mg. % Hb. B.C.) Tissue destruction 
Tissue proliferation 
Acute complication of 
chronic illness 
Biliary obstruction 
Hodgkin's disease 
Tumor with pulmonary 
or skeletal metastases 


Decreased (less than 50 Hemolysis 
mg. % Hb. B.C.) Chronic or acute hepato- 
cellular disease 

Infectious mononucleosis 

Congenital ahaptoglobi- 
nemia 


Normal (110 mg. % Hb. Normal human beings 
B.C. — S.D. = 41) Chronic disease 





have metastases to the skeleton and the lungs 
and in those receiving androgen therapy.® 
The change occurs after the disease is clearly 
manifest, and is of no value in the early 
diagnosis of tumor or metastatic spread. In- 
creased levels are a rather constant. finding 
in Hodgkin’s disease, as reported by Jayle*® 
and confirmed by Ivanyi and co-workers.*® 

Inflammation, tissue proliferation, or de- 
struction. Haptoglobin behaves as an acute 
phase reactant and is increased in a variety 
of inflammatory diseases. In tuberculosis** 
the levels parallel the erythrocyte sedimenta- 
tion rate very closely, correlating best with 
fluctuation in plasma fibrinogen. In a group 
of patients with acute rheumatic fever and 
rheumatoid arthritis, we have found the 
levels to be elevated during the active stages 
of the disease.*® In the evaluation of a pa- 
tient with a chronic disease for any com- 
plicating active inflammatory process, the 
haptoglobin level is often more informative 
than the erythrocyte sedimentation rate 
which may be influenced by an increased 
y-globulin concentration or the presence of 
anemia. 

A summary of the clinical value of the 
haptoglobin determination is shown in Table 
II. A haptoglobin level greater than 150 mg. 
% Hb. B.C. suggests the presence in the pa- 
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tient of tissue destruction, inflammation, or 
proliferation. However, just like the other 
acute phase reactants, haptoglobin is entirely 
nonspecific in its response. The degree of in- 
crease is not a reliable measure of the se- 
verity of the process or the amount of tissue 
involved. Serial determinations do yield in- 
formation as to the course of the disease. 

Haptoglobin levels of less than 50 mg. % 
Hb. B.C. usually are indicative of a de- 
creased erythrocyte survival time except in 
the neonatal period. Decreased values result 
both from intra- and extravascular hemoly- 
sis. Low values are also seen in patients with 
chronic and occasionally acute parenchymal 
liver disease and late in the course of in- 
fectious mononucleosis. 


SUMMARY 


A brief review of the biologic properties 
and functions of a plasma protein, hapto- 
globin, has been presented. The application 
of plasma haptoglobin determination to 
various clinical conditions has been discussed 
and some of the limitations of this labora- 
tory technique were stressed. There is still 
much to be learned about the physiology 
of haptoglobin, especially in the neonatal 
period and in patients with inflammatory 
disease. With recognition of its limitations, 


the measurement of plasma _ haptoglobin 


levels can be a useful clinical tool. 


REFERENCES 


Lichty, J. A., Jr., Havill, W. H., and Whipple, 
G. H.: Renal Thresholds for Hemoglobin in 
Dogs; Depression of Threshold Due to Fre- 
quent Hemoglobin Injections and Recovery 
During Rest Periods, J. Exper. Med. 55: 
603, 1932. 

Polonovski, M., and Jayle, M. F.: Peroxidases 
animales, Bull. Soc. chim. biol. 20: 978, 1938. 
Polonovski, M., and Jayle, M. F.: Sur la 
préparation d’une nouvelle fraction des pro- 
téines plasmatiques l’haptoglobine, Compt. 
rend. Acad. Sc. 211: 517, 1940. 

Laurell, C-B., and Nyman, M.: Studies on 
the Serum Haptoglobin Level in Hemoglobin- 
emia and Its Influence on Renal Excretion 
of Hemoglobin, Blood 12: 493, 1957. 

Jayle, M. F.: Méthode de dosage de l’hapto- 
globine sérique, Bull. Soc. chim. biol. 33: 
876, 1951. 

Nyman, M.: Serum Haptoglobin; Methodo- 





Volume 59 Number 2 


logical and Clinical Studies, Scandinav. J. 
Clin. & Lab. Invest. 11: (Suppl. 39): 1, 
1959. 
Connell, G. E., and Smithies, O.: Human 
Haptoglobins: Estimation and Purification, 
Biochem. J. 72: 115, 1959. 
Smithies, O.: Zone Electrophoresis in Starch 
Gels: Group Variations in Serum Proteins of 
Normal Human Adults, Biochem. J. 61: 629, 
1955. 
Smithies, O.: An Improved Procedure for 
Starch-Gel Electrophoresis: Further Varia- 
tions in the Serum Proteins of Normal In- 
dividuals, Biochem. J. 71: 585, 1959. 
Hirschfeld, J.: Immuno-electrophoretic Dif- 
ferentiation of Haptoglobins From Another 
Group-Specific Inheritable System in Normal 
Human Sera, Nature 187: 126, 1960. 
Lathem, W.: The Renal Excretion of Hemo- 
globin: Regulatory Mechanisms and the Dif- 
ferential Excretion of Free and Protein-Bound 
Hemoglobin, J. Clin. Invest. 38: 652, 1959. 
Murray, R. K., Connell, G. E., and Pert, 
J. H.: The Role of Haptoglobin in the 
Clearance and Distribution of Extracorpuscu- 
lar Hemoglobin, Blood 17: 45, 1961. 
Wolstenholme, G. E. W., and O’Connor, M.., 
editors: Ciba Foundation Symposium on the 
Chemistry and Biology of Mucopolysaccha- 
rides, Boston, 1958, Little, Brown & Com- 
pany. 
Jayle, M. F., and Boussier, G.: Obtention 
a létat homogne d’une mucoprotéine sérique, 
Vhaptoglobine, Bull. Soc. chim. biol. 36: 959, 
1954. 
Nyman, M.: On Plasma Proteins With Heme 
or Hemoglobin Binding Capacity, Scandinav. 
J. Clin. & Lab. Invest. 12: 121, 1960. 
Tombs, M. P.: A  Haemoglobin-Binding 
B-Globulin in Human Serum, Nature 186: 
1055, 1960. 
Smithies, O., and Walker, N. F.: Genetic 
Control of Some Serum Proteins in Normal 
Humans, Nature 176: 1265, 1955. 
Smithies, O., and Walker, N. F.: Notation 
for Serum-Protein Groups and Genes Con- 
trolling Their Inheritance, Nature 178: 694, 
1956. 
Galatius-Jensen, F.: Investigations of the 
Genetic Mechanism of the Haptoglobins With 
a View to the Medico-legal Aspects, Acta 
med. leg. social., Li¢ge 9: 41, 1956. 
Harris, H., Robson, E. B., and Siniscalco, M.: 
Atypical Segregation of Haptoglobin Types 
in Man, Nature 182: 1324, 1958. 
Giblett, E. R.: Haptoglobin Types in Ameri- 
can Negroes, Nature 183: 192, 1959. 
. Gallango de Rodriquez, M. L., and Arends, 
T.: Distribution of Haptoglobins in Native 
Venezuelans, Nature 183: 1465, 1959. 
Giblett, E. R., and Steinberg, A. G.: The In- 
heritance of Serum Haptoglobin Types in 
American Negroes: Evidence for a Third 


Physiology of haptoglobin 293 


Allele Hp", Am. J. Human Genet. 12: 160, 
1960. 

Allison, A. C., Blumberg, B. S., Rees, A. 
P.: Haptoglobin Types in British, Spanish 
Basque and Nigerian African Populations, 
Nature 181: 824, 1958. 

Allison, A. C.: The Genetical and Clinical 
Significance of the Haptoglobins, Proc. Roy. 
Soc. Med. 51: 641, 1958. 

Smithies, O.: Advances in Protein Chemistry, 
New York, 1959, Academic Press, Inc., vol. 
14. 

Allison, A. C.: Genetic Control of Human 
Haptoglobin Synthesis, Nature 183: 1312, 
1959. 

Bearn, A. G., and Franklin, E. C.: Some 
Genetical Implications of Physical Studies of 
Human Haptoglobins, Science 128: 596, 1958. 
Tuttle, A. H.: Demonstration of Hemoglobin- 
Reactive Substance in Human Serum, Science 
121: 701, 1955. 


. Kauder, Emanuel, and Mauer, A. M.: Un- 


published data. 

Abbas, T. M., and Tovey, J. E.: Proteins of 
the Liquor Amnii, Brit. M. J. 1: 476, 1960. 
Nosslin, B. F., and Nyman, M.: Haptoglobin 
Determination in Diagnosis of Haemolytic 
Diseases, Lancet 1: 1000, 1958. 

Horowitz, H. I., Javid, J., and Spaet, T. H.: 
Lederer’s Anemia Accompanying Urinary 
Tract Infection: Report of a Case, With a 
Note on the Diagnostic Use of Haptoglobin 
Determination, A.M.A. J. Dis. Child. 99: 757, 
1960. 

Nyman, M.: Haptoglobin in  Pernicious 
Anemia, Scandinav. J. Clin. & Lab. Invest. 
9: 168, 1957. 

Javid, J., Horowitz, J. I., Sanders, A. R., and 
Spaet, T. H.: Idiopathic Paroxysmal Myo- 
globinuria. Report of a Case With Studies 
on Serum Haptoglobin Levels, A.M.A. Arch. 
Int. Med. 104: 628, 1959. 

Wheby, M. S., Barrett, O., Jr., and Crosby, 
W.H.: Serum Protein Binding of Myoglobin, 
Hemoglobin and Hematin, Blood 16: 1579, 
1960. 

Jayle, M. F., and Vallin, J.: Variations de la 
formule protéinique du plasma au cours des 
affections hépatiques, Semaine hop. Paris 28: 
3133, 1952. 

Jandl, J. H.: The Anemia of Liver Disease: 
Observations on Its Mechanism, J. Clin. In- 
vest. 34: 390, 1955. 

Jayle, M. F.: Biochimie et intérét clinique 
des alpha;- et alpha:-seromucoides, Schweiz. 
med. Wchnschr. 86: 1425, 1956. 

Ivanyi, J., Sochman, J., and Ivanyi, P.: The 
Haptoglobin Level in Haemoblastoses, Acta 
haemat. 25: 98, 1961. 


. Troisier, J., Polonovski, M., Jayle, M. F., and 


Brissaud, H. E.: Indice de prosaptoglobiné- 
mie chez les tuberculeux, Bull. Acad. méd 


123: 239, 1940. 





COMMENTS ON 


CURRENT LITERATURE 





Phenylketonuria: phenylpyruvic aciduria 


PHENYLKETONURIA is an inherited 
condition characterized by mental retarda- 
tion and the presence of phenylpyruvic acid 
in the urine. More than 400 well-docu- 
mented cases have been reported from all 
parts of the world since the first description 
of the disease in 1934 by the Norwegian 
biochemist, Félling.t While the most strik- 
ing feature of phenylketonuria is mental de- 
ficiency, it is now generally agreed that the 
primary lesion is an inborn error of metabo- 
lism. Patients with phenylketonuria are not 
able to metabolize phenylalanine adequately, 
by the direct pathway to tyrosine, because 
of a deficiency of the enzyme, phenylalanine 
hydroxylase. As a result, phenylalinine ac- 
cumulates in the blood and the cerebrospinal 
fluid, and various phenylalanine metabolites, 
including phenylketones, appear in the urine. 
One of these metabolites is phenylpyruvic 
acid which gives a characteristic green color 
with ferric chloride, a test now recognized 
as a simple means of identifying the dis- 
ease.*»* Within the past few years it has 
become apparent that the early treatment 
of phenylketonuria by means of a low 
phenylalanine diet will prevent the develop- 
ment of brain damage. Emphasis is placed 
on early diagnosis and early treatment.* * 
Diagnosis can seldom be made on clinical 
grounds alone.* Urine testing for phenyl- 
ketonuria is simple, inexpensive, and reliable 
after the first month of life.** It has been 
suggested that all infants be screened for 


the disease in this way.” * ° In his excellent 
reviews dealing with phenylketonuria and 
other inborn errors of metabolism, Hsia® * 
has summarized the genetic, clinical, and 
prophylactic features of the disease. In a 
recent interview Hsia’ stated that “If every 
baby born in the United States from now 
on were given this simple chemical test, 
several thousand could be saved from mental 
retardation in each generation. . . . But 
unless the condition is caught in the first 
few weeks of life and controlled by diet, the 
child’s brain development is impaired.”* 
While these patients with phenylketonuria 
have brain damage resulting in one of the 
severest grades of mental retardation (im- 
becile level), they are -unusually attractive 
physically, as a rule. Unlike other mentally 
defective persons they show only slight re- 
duction in stature and head size, as com- 
pared with the normal average for the same 
age and sex. A few of these patients have 
a tendency to develop dermatitis or eczema 
which in some recorded instances has been 
the presenting symptom that led to further 
investigation, with the definitive diagnosis 
of phenylketonuria. On neurological exam- 
ination patients with phenylketonuria show 
no paralysis and no changes in muscle tone. 
Often, however, there is marked accentua- 
tion of both superficial and deep tendon re- 
flexes. Most of the patients without treat- 
ment show eventually a low level of mental 
capacity with an I.Q. of 30 or less.* Re- 
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cently a few borderline cases have been 
reported with definite diagnosis of phenyl- 
ketonuria, but in which the intelligence quo- 
tient was near the normal average. These 
atypical cases, however, represent a very 
small percentage of the total cases of phenyl- 
ketonuria. 

That there is considerable variability in 
the clinical manifestations of phenylketonuria 
was recognized and stressed in early case 
reports.” * In an extensive study by Paine® 
in 1957 this range of variability is empha- 
sized, as well as the question of deterioration 
of intelligence and performance with age. 
One hundred and six cases were surveyed 
in 11 institutions in the New England area 
and in eastern Canada. Both eczema and 
seizures were proportionately more frequent 
in severely retarded patients with phenyl- 
ketonuria than in those with lesser degrees 
of intellectual defect. Electroencephalo- 
graphic studies showed abnormal tracings 
in 79 per cent of those examined in this 
respect, and such studies were considered 
important in planning therapy for these pa- 
tients, even in the absence of seizures. While 
the majority of these children did have the 
characteristic fair skin with blue eyes and 
blond hair, in some there was definite 
darkening of skin and hair with age, so that 
these traits have questionable value in diag- 
nosis or in treatment evaluation. Neurologi- 
cal manifestations encountered in this study 
included unusual hand posturing, tremor, 
hyperreflexia, agitated behavior, clonus, and 
spasticity, all of which varied considerably 
from patient to patient, and at different 
times in the same patient. In those children 
followed over a period of time, deterioration 
with age was apparent. Recently Partington 
reviewed the earliest possible clinical history 
of 36 patients with phenylketonuria, con- 
cluding that in at least one half this number 
suggestive symptoms began in the first few 
weeks of life. Among these early symptoms 
vomiting, irritability, infantile eczema, and 
a peculiar characteristic odor were promi- 
nent. Some of the patients in this group had 
all the early symptoms. Three of the 36 in- 
fants had pyloric stenosis. It is suggested 
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that the “vomiting and irritability in early 
life may be due to a ‘toxic’ effect of phenyl- 
alanine or its derivatives on the brain.’* 

Hsia and his associates? estimate that 
phenylketonuria accounts for about 1 per 
cent of all mentally defective patients in 
institutions. The condition is thought to oc- 
cur once in every 40,000 births in the United 
States and is transmitted by inheritance by 
a relatively rare recessive gene. In any given 
family with one child affected, the statistical 
chance of the condition being present in a 
subsequent child is 1 in 4. In 1956, Hsia 
and his co-workers® described the detection 
of heterozygous carriers of this recessive 
gene for phenylketonuria by means of the 
phenylalanine tolerance tests in which 0.1 
Gm. per kilogram of body weight of 
L-phenylalanine was administered by oral 
route to normal control subjects and to 
parents of children with known phenyl- 
ketonuria. One, two, and four hours after 
the initial dose, blood samples were taken for 
the determination of plasma phenylalanine 
levels. Following this dose load, parents of pa- 
tients with phenylketonuria showed definite 
increase in plasma phenylalanine as com- 
pared with the controls. Subsequently, simi- 
lar determinations were carried out in 200 
relatives of children with phenylketonuria 
in 40 affected families. Carriers of the re- 
cessive trait can be detected readily by this 
means. All the studies indicated transmis- 
sion by inheritance according to an auto- 
somal recessive pattern. 

The pathogenetic and biochemical basis 
for phenylketonuria and the nature of the 
enzymatic defect are being investigated. 
Phenylalanine is converted to tyrosine by 
the enzyme system, phenylalanine hydrox- 
ylase. Mitoma and his fellow workers’® were 
able to show that 2 protein fractions are 
involved in this reaction: (1) a labile frac- 
tion I, which is present only in the liver, 
and (2) a more stable fraction II, found in 
the kidney and the heart, as well as in the 
liver. In phenylketonuria fraction II is pres- 
ent in normal amounts; the disease condi- 
tion occurs because of a deficiency of frac- 
tion I of the enzyme system. Excessive 
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accumulation of t-phenylalanine in the 
blood and the spinal fluid brings about 3 
basic effects.* * The excessive phenyalanine 
is converted by its transaminase to phenyl- 
pyruvic acid which is found in the urine 
together with some of its breakdown prod- 
ucts, including phenylketones. The presence 
of phenylalanine in excessive amounts in- 
hibits the normal pathways of tyrosine me- 
tabolism. In consequence, melanin produc- 
tion is decreased, which is responsible for 
the fair skin and hair of such children. 
Disturbance in epinephrine production is 
also a feature of the disease, since these pa- 
tients have relatively low blood levels of 
epinephrine. The excessive phenylalanine 
or some of its products occurring in the 
blood and the spinal fluid appear to be the 
factor or factors in central nervous system 
damage. 

Because of the severe mental retardation 
resulting from phenylketonuria, surveys and 
screening programs are being conducted in 
a number of medical centers in Great Britain 
and Europe, and in Canada and the United 
States.* © ** Recent improvements in testing 
procedures include the use of ferric chloride 
impregnated paper strips (Phenistix*), the 
Schieffelin test kit for examination of wet 
diapers (10 per cent ferric chloride), or 
the use of dinitrophenylhydrazine test solu- 
tion.* ** Direct blood tests by means of paper 
chromatography and by an enzymatic spec- 
trophotometric method" are possible. 

Young infants can be treated satisfactorily 
by the use of a special diet low in phenyl- 
alanine content such as the following: a low 
phenylalanine protein hydrolysate, 1 per 
cent protein fruits and vegetables, gluten- 
free bread, sugar, butter, or lipomal, and 
vitamin and mineral supplements. This diet 
appears to be adequate for normal develop- 
ment if started early in life; however, con- 
siderable adjustments must* be made for 
older children, particularly after the age of 
6 years.* * In this connection recent reports 
by Moncrieff and Wilkinson’ and Coates*® 


*Ames Company, Inc., Elkhart, Ind 


August 1961 


are of special interest. These authors discuss 
many problems associated with the detection 
and treatment of phenylketonuria. With re- 
spect to detection they caution that proper 
use of the urine and blood tests is important, 
since false positives are possible. A significant 
observation is that these levels may vary 
when infection and fever are present in the 
young child. In the actively developing 
young infant the diet may have to be more 
generous in phenylalanine even to the ex- 
tent of exceeding the normal blood level if 
the child is to survive and thrive. The 
normal infant doubles in weight in 5 months 
and at this age relatively small deficiencies 
in essential amino acids and vitamins may 
produce defects in growth. Some infants 
are more difficult to handle than others 
insofar as dietetic control is concerned. Such 
control can be based only on closely fol- 
lowed serial estimations of phenylalanine 
levels in the blood. The available prepara- 
tions of casein hydrolysate have had the 
phenylalanine removed as completely as 
possible; tyrosine and tryptophan have been 
removed at the same time and must be re- 
placed. The authors at present are reviewing 
the situation with reference to vitamin B 
supplementation. In older children the daily 
allowance of milk may be increased, with 
possible consideration of increased tyrosine 
and tryptophan. That older infants and 
children can tolerate increasing amounts of 
phenylalanine in the diet has been recog- 
nized for some years. The possible mecha- 
nism of increased tolerance is discussed. In a 
separate publication Coates’ describes: in 
detail the dietary management of 35 cases 
of phenylketonuria, including 6 in which 
treatment was gradually reduced and finally 
terminated. This author points out, how- 
ever, that such dietary relaxation requires 
individual evaluation, and that all informa- 
tion with regard to its effect on mental ca- 
pacity is as yet strictly preliminary. 
These authors*® ** emphasize the impor- 
tance of further investigation especially with 
reference to the experimental studies in 
laboratory animals currently in progress. 
Workers in a number of laboratories are 
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investigating the effects of overloading 
phenylalanine and tyrosine in the diet of 
animals with a view to a better understand- 
ing of the metabolic processes and the en- 
zyme systems involved. Waisman and his 
colleagues** have succeeded in inducing a 
condition in young monkeys which is similar 
to that seen in children with phenylketonuria. 
In 2 monkeys inferior intellectual develop- 
ment resulted from consistent overload and 
a major convulsive disorder occurred in both 
animals. Experimentally induced phenyl- 
ketonuria has been reported recently in in- 
vestigations dealing with weanling rats. 
Huang, Hsia, and their co-workers'® had 
shown previously that certain enzyme sys- 
tems in the newborn rat kidney are imma- 
ture, such as 5-hydroxytryptophan decar- 
boxylase, and that maturity of these enzyme 
systems gradually occurs during the first 30 
days of life to the adult rat level. From a 
study of induced phenylketonuria in the 
young rat these investigators suggest a pos- 
sible close relationship between the phenyl- 
alanine complexes and the enzyme system 
involving 5-hydroxytryptophan decarboxy- 
lase. They offer the tentative suggestion 
that “excessive amounts of phenylalanine in 
the phenylketonuric child would further in- 
hibit an already immature enzyme system, 
and this in turn will result in a decrease of 
5-hydroxytryptamine which is essential to 
the developing brain.”'* Investigations cur- 
rently in progress in this field dealing with 
induced metabolic disorders in animals will 
be of considerable interest. 

The concept of “inborn errors of metabo- 
lism,” first suggested by Sir Archibald 
Garrod’® in 1908, has assumed a new sig- 
nificance within recent years as information 
from various sources from genetics and bio- 
chemistry, and from clinical and experi- 
mental observations, is correlated. As Hsia 
points out, the past few years have witnessed 
“unprecedented progress” in these fields of 
knowledge which “has permitted for the first 
time a logical approach to the various in- 
born errors of metabolism in man.’”* 


RUSSELL J. BLATTNER, M.D. 
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The Rickettsial Diseases. 


P. Zdrodovskii and G. M. Golinevich, 
New York, 1960, Pergamon Press Inc. 
629 pages. Price $20.00. 


The Rickettsial Diseases is the English transla- 
tion of the first Soviet attempt to gather together 
in a single volume an account of the problems 
of the rickettsial diseases, reflecting both the 
work of the Soviet investigators and the total 
world experience. The English volume is based 
on the text of the second Russian edition pub- 
lished in 1956. The works cited in the volume 
include reports through the year 1954. 

The volume is divided into two sections. The 
first deals with classification, experimental disease 
in animals, cultivation, response to physical and 
chemical factors, and serologic methods. Each 
chapter includes a comprehensive review of the 
literature, both Russian and non-Russian, and 
usually a description of the experiences of the 
authors in certain specific areas. For example, 
detailed techniques for autopsy of animals, stain- 
ing of tissues, and preparation of antigens are 
presented. 

The second section consists of a series of 
chapters, each devoted to a specific rickettsial 
disease. Etiology, epidemiology, clinical forms of 
the disease, and preventive measures are re- 
viewed. The clinical descriptions are brief com- 
posite pictures of each disease. There is little 
information about the comparative frequency of 
various signs and symptoms. Clinical laboratory 
data are meager and instead of specific state- 
ments as to the nature of the electrolytic, electro- 
cardiographic, or spinal fluid changes comments 
referring to the “dry furred tongue” and “tend- 
ency toward constipation” are frequent. There 
is no discussion of differential diagnosis. 

Pathology, immunity, and chemotherapy are 
discussed in separate chapters, and the material 
is similar to that found in American texts. 


This volume is, however, a source of much 
information not available in American texts. 
Q fever, for example, has only recently ap- 
peared in Russia and data pertinent to this dis- 
ease as it exists in Russia are reviewed. There 
are chapters devoted to tick-borne paroxysmal 
rickettsioses and five-day or trench fever, diseases 
not recognized in this country. 

The Russian views concerning many of the 
perplexing problems of rickettsial disease are 
presented. Such topics as the survival of Rickett- 
sia between epidemics, the pathogenesis of Brill’s 
disease, and the hypothesis of premunition are 
discussed. 

In their review of vaccine prophylaxis of 
typhus fever, the authors state that the Russian 
vaccine, a killed-typhus antigen prepared from 
infected mouse or rabbit lung tissue, appears to 
be comparable in effectiveness to other killed 
vaccines used throughout the world. They further 
state that Russian experiences with an attenu- 
ated, louse-grown strain of typhus vaccine “give 
reasons to be optimistic” that a living vaccine 
against typhus fever may be produced. 

On the whole, the volume gives very compre- 
hensive coverage and is a good source for de- 
tailed information about rickettsial diseases. The 
illustrations are moderate in number and many 
of the photomicrographs are fuzzy, perhaps due 
to techniques used in reproduction. 


ELI GOLD, M.D. 


An Outline of Ghemical Genetics. 
Bernard S. Strauss, Ph.D., Philadelphia, 


1960, W. B. Saunders Company, 188 
pages, Price $5.00. 


In each generation some particular topic of 
scientific interest seems to fire the imagination of 
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both educated laymen and working scientists 


almost out of proportion to its role in the gen- 
eral scheme of things. Biochemical genetics is 
currently enjoying such a burst of literary and 
investigative activity. Dr. Strauss’ excellently 
written book is not simply a literary exposition 
of the field couched in layman’s terminology, 
nor is it a reference book or textbook for the 
advanced student. Instead it occupies a happy 
middle ground. The reader observes a teacher 
instructing pupils who, as the author states in 
the preface, have “some knowledge of chemistry, 
but only a brief encounter with the Mendelian 
laws, . . . [who] have heard snatches of the 
recent developments in genetics and find them 
fascinating but have not yet been persuaded to 
study the detailed literature.” 

The book is divided into six main parts: “The 
Genetic Control of Protein Synthesis,” “The 
Chemical Nature of the Hereditary Material,” 
“The Molecular Meanings of Genetic Recom- 
bination,” “Mutation as a Chemical Process,” 
“Nucleocytoplasmic Relationships and the Prob- 
lem of Protein Synthesis,” and “The Biochemi- 
cal Genetics of Man.” The first 5 parts are 
handled beautifully and constitute an excellent 
basic primer in the field. If the last section falls 
somewhat short of the mark, it is only because 
of space limitations and the abundance of books 
available which cover this subject in detail, some 
of which have recently been reviewed in these 
pages. Dr. Strauss’ book is highly recommended 
both for its contents and style. 


VICTOR H. AUERBACH, Pu.D. 


August 1961 


Artificial Hibernation. 


P. Veghélyi, Budapest, 1960, Akadémiai. 
Kiad6, 611 pages. 


New concepts of treatment in medicine typi- 
cally take a cyclic course beginning timidly, then 
passing through a panacea phase, and _ finally 
leveling off to a more conservative plateau. 

Hypothermia and artificial hibernation have 
taken the usual paths. 

Veghélyi in his new volume reviews most of 
the literature concerning the use of these two 
modes of therapy for many varied and unrelated 
illnesses and presents many illustrative case re- 
ports. Although at first it did appear that hypo- 
thermia was being presented as a cure-all in 
many illogical situations, one does get the im- 
pression that hypothermia is beginning to reach 
the plateau phase in which it will be used pri- 
marily to conserve tissue by decreasing its rate 
of metabolism in the presence of hypoxia, inade- 
quate circulation, and/or poisoning. 

The book contains a fine review of the physio- 
logic effects of low temperature on all organs 
and systems. In addition, a vast bibliographic 
index is contained in the text. Finally, a small 
but adequate summary of the clinical use of 
drugs and cooling techniques is included as an 
appendix. This book is of value to the experi- 
enced and serious worker with hypothermic tech- 
niques and contains a storehouse of reference ma- 
terial from published literature, as well as the 
author’s personal experiences. 


JACOB B. FRIEDMANN, M.D. 
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Falsely negative sweat tests in children with cystic fibrosis 


complicated by hypoproteinemic edema 


To the Editor: 

Elevation of the electrolyte content of sweat 
has proved to be a reliable diagnostic test for 
cystic fibrosis. In patients with known cystic 
fibrosis, collection of sweat has not seemed to 
be a problem and false negative results have 
been found to occur in only about 1 per cent 
of the cases.* 

We have seen 2 infants in whom the suspected 
diagnosis of cystic fibrosis could not be con- 
firmed at onset by the sweat chloride test, 
although in each the sweat electrolyte test be- 
came positive at a later date. The common 
denominator in these 2 patients at the time of 
the former sweat test was the presence of hy- 
poproteinemia and edema. 

The first child was a 6-month-old white male 
with a history of poor growth, feeding difficulty, 
and loose, bulky stools. His older sibling had 
proved cystic fibrosis. Sweat test at the time 
of hypoproteinemia and edema showed a chlo- 
ride content of 32 mEq. per liter. Following 
remission of the hypoproteinemia and edema, 
a repeat sweat test showed a chloride content of 
119 mEq. per liter. 

The second infant was a 2¥2-month-old white 
female with a history of poor growth, feeding 
difficulty, vomiting, loose numerous stools, per- 
sistent cough, and repeated respiratory infections. 
Two older siblings were normal. At the time 
of hypoproteinemia and edema, repeated at- 
tempts to perform the sweat test were unsuccess- 
ful, despite prolongation of the test to 6 hours 
combined with external artificial heat. However, 
following remission of the hypoproteinemia and 
edema, the sweat test was performed without 
difficulty and the chloride content was found to 
be 112 mEq. per liter. 

Although hypoproteinemia and edema con- 


stitute an uncommon finding with cystic fibrosis, 
it has been previously reported.*» * 


A. S. GOLDMAN, M.D. 

L. B. TRAVIS, M.D. 

W. F. DODGE, M.D. 

Cc. W. DAESCHNER, JR., M.D. 

UNIVERSITY OF TEXAS-MEDICAL BRANCH 
GALVESTON, TEXAS 
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Comment on the 
foregoing letter 


To the Editor: 

Falsely positive and negative sweat tests are 
relatively common in small infants, whether the 
test is done by iontophoresis or by the plastic 
bag method, because of the difficulty involved 
in collecting sufficient sweat for the test. 

Even in older infants and children a single 
test may not be reliable. The sweat test should 
be done at least two times in each patient sus- 
pected of having cystic fibrosis, in order to avoid, 
in so far as possible, falsely positive or negative 
results. 

NANCY HUANG, M.D. 
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On buttock injections 


To the Editor: 

The paper by Gillis and French in the Jour- 
NAL (26: 195, 1961) is a timely warning about 
the danger to the sciatic nerve from improper 
injections into the buttock. One point needs 
emphasis. The site of any injection is not where 
the needle punctures the skin, but where its 
point is situated when the injection is made. 

The upper outer quadrant of the buttock con- 
tains plenty of gluteal muscle which is well 
suited for injection. If the direction of the needle 
is kept upward and outward from the site of the 
skin puncture, the injection will be made into 
the muscle below the iliac crest and above and 
behind the great trochanter of the femur. There 
is no possibility of reaching the sciatic nerve. 

Gillis and French recommend the lateral thigh 
muscles for the site of intramuscular injections. 
These muscles are covered by the dense and 
unyielding fascia lata. Any swelling or secondary 
reaction to the injection is compressed between 
the fascia and the bone and would be more pain- 
ful than necessary. There is also more pressure 
on this area when the infant lies on his side; the 
area above the trochanter is protected by the 
bone which takes the weight of the body in the 
lateral position. 

To abandon the buttock entirely for all injec- 
tions would be something like giving up a drug 
because overdoses are poisonous. 

If emphasis is put on the direction of the 
needle and on the position of the point, the 
upper outer quadrant is the best and safest place 
for intramuscular injections. 


CHARLES HENDEE SMITH, M.D. 


Reply 
To the editor: 

We would concur with paragraph one. As re- 
gards paragraph two, we feel that a single per- 


Response to “Veeder Editorial” 


To the Editor: 

Dr. Veeder’s editorial in the March issue of 
the JouRNAL poses two questions. The first, Is 
the use of drugs which combat infection 
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son often is unable to guarantee both the site of 
skin puncture and the site of injection in the 
buttock of an uncooperative infant. There- 
fore, we would favor the utilization of an 
area where no opportunity to neural damage 
exists. As regards paragraph three, it is our 
observation that most infants prefer either the 
dorsal or ventral recumbent postures and few, 
if any, spend a significant period of time in the 
lateral recumbent posture. Thus we would be 
unable to accept Dr. Smith’s criticism of postural 
amplification of pain if one administers injections 
in the lateral compartment of the thigh. In our 
opinion, postural amplification of pain when 
injections are administered in the buttock is 
much more significant. As regards paragraph 
four, we feel that the fullest awareness of 
reality rather than tradition should dictate our 
medical acts. 

JOSEPH H. FRENCH, M.D. 


Site of 
skin 
puncture 


Fig. 1. Apparent length of needle foreshortened 
by its direction, forward as well as upward and 
outward. 


“morally” justified for patients with Mongolian 
idiocy? The second, Should we or should we 
not advise operation for correction of a cardiac 
defect in such patients? 
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The answer to the first depends upon one’s 
concept of what is “moral,” his respect for 
human life at whatever level. 

The answer to the second question, happily, 
has no “moral,” religious, or philosophic aspects. 
Dr. Veeder characterizes the “con” (let them 
die) group as made up of “those whose interests 
are rather in the humanitarian side of medicine 
and who have had to face the devastating in- 
fluence of a Mongolian idiot on family life, on 
normal siblings, and on marital relationships.” 
I submit that it is more humanitarian to attempt 


Gamma globulin 


To the Editor: 

The paper “Chickenpox and Leukemia” (J. 
Pepiat. 58: 729, 1961) deserves close study be- 
cause of the author’s belief, based on a study of 
+ patients, in the usefulness of large doses of 
gamma globulin for the modification of chicken- 
pox. 

I would like to support this concept because 
of an experience I had several years ago, when 
+ interns within a 3 week period developed 
chickenpox (Canad. M. A. J. 77: 697, 1957). 
Two interns, who just previously had received 
moderately large doses of poliomyelitis immune 
globulin (human)—Squibb, had unusually mild 
clinical courses. Of the 2 other interns, neither 
of whom had received gamma globulin, one died 
and the other ran the typical severe clinical 
course which is characteristic of young adults 
with chickenpox. 

This episode and subsequent observations lead 
me to comment on the need for emphasizing the 
importance of giving adequate increasing doses 
of gamma globulin for the modification of 
chickenpox (Am. Pract. & Digest Treat. 10: 
136, 1959). 

In view of the scarcity in the literature of 
controlled studies on this subject and my con- 
clusion in the above report that my observations 
were such as to warrant further investigation, I 
was pleased to see Dr. Pinkel’s statement that 
further trial of gamma globulin seems worth 
while. 

GEORGE X. TRIMBLE, M.D. 
MEMORIAL HOSPITAL OF 
LONG BEACH, CALIFORNIA 
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to cure the cardiac defects in these patients than 
to withhold operation in the hope that they will 
die. Even those with severe defects may live for 
many years. Their cardiac disability accounts for 
a great portion of the attention which must be 
paid them. Surely it is easier for a family to 
care for a physically healthy defective than for 
a disabled one. Numbered among the most grate- 
ful patients in my practice are some whose 
“worthless” children have become less a burden 
to the family as a result of cardiac operation. 
DANIEL F. DOWNING, M.D. 


To the Editor: 

The 1961 edition of the “Red Book” of the 
American Academy of Pediatrics distinguishes 
between the adult and the child dose of gamma 
globulin for the first time in its recommenda- 
tions for the prevention of infectious hepatitis. 
This amounts to 2% times as much for adults 
as for children per pound of body weight. These 
recommendations resemble those of Krugman 
and co-workers (J. A. M. A. 174: 823, 1960) 
and do not take into account 10 years of satis- 
factory experience and published reports by 
many workers using the dose of 0.01 c.c. per 
pound of body weight first advocated by Stokes 
and colleagues 10 years ago. In the Krugman 
trials this dose did not show the satisfactory 
results of previous published reports. The lot of 
globulin used by him at this dosage was not 
tested at any other dosage level. When he em- 
ployed a higher dosage in his next trial, the 
gamma globulin used was from a different com- 
mercial source. 

We firmly believe that 10 years of experience 
should not be abruptly discarded on the basis of 
a single clinical trial, and work now in progress 
shows that gamma globulin lots manufactured 
by the cold ethanol process developed by Cohn 
are quite uniform in potency. It is common 
knowledge that the antibodies in such material 
remain stable long beyond their dating period. 
The Krugman lot in question was not made by 
the Cohn method. To-our knowledge this is 
true of no other commercial source of gamma 
globulin. We have had the experience of having 
had a different lot number from the same source 
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fail to prevent or modify measles in several in- 
stances just before and after its expiration date 
in 1960. For us this was an unusual experience, 
occurring 17 years after satisfactory dosages for 
the prevention and modification of measles had 
been in effect and no thought of dosage increase 
was considered. 

May we earnestly urge that, in the face of a 
nation-wide increase in cases of hepatitis, this 
expensive and scarce material be used at the 


0.01 c.c. per pound dose level for the prevention 


Effect of aortograpbic contrast media 


To the Editor: 

A recent unusual histologic finding in a per- 
cutaneous renal biopsy specimen obtained follow- 
ing a renal arteriogram prompts this brief report. 
The patient was a 9-year-old white female with 
unexplained hematuria of 4 years’ duration. 
Extensive laboratory studies, including a left 
percutaneous renal biopsy, had been done 3 
months earlier. These will be reported in detail 
elsewhere. The histologic appearance of this 
biopsy specimen was normal (Fig. 1). Because 
of the persistence of the hematuria, she was 
readmitted and right renal arteriography was 
performed using 3.5 c.c. of 70 per cent Urokon, 
as the contrast medium. Forty-eight hours later a 
right renal biopsy was performed (Figs. 2 
and 3 

The biopsy specimen revealed changes in both 
glomeruli and tubules. There were areas of 
tubular degeneration and dilatation. The lumina 
of involved tubules contained cellular debris and 
material simulating protein. Approximately one- 
half of the glomeruli on the specimen showed 
widening of the capillary lumina and deposition 
of an eosinophilic staining material. Normal 
glomeruli and normal tubules were seen in close 
proximity to the involved structures. The eosino- 
philic staining material did not stain by the 
periodic acid—Schiff technique. 

Several reports*-* have appeared in the medi- 
cal literature in recent years concerning the 
effects of contrast media on renal function. 
McAfee* found the incidence of significant renal 
damage to be 0.3 per cent in 13,207 cases and 
Crawford? was able to collect 40 cases—in- 
cluding 9 of his own—in which there was a 
marked decrease in renal function following 
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of infectious hepatitis in both children and 
adults. 
SYDNEY S. GELLIS, M.D. 
DEPARTMENT OF PEDIATRICS 
BOSTON UNIVERSITY SCHOOL OF 
MEDICINE AND BOSTON CITY 
HOSPITAL 
JAMES A. MC COMB, D.V.M. 
BIOLOGICAL LABORATORIES 
MASSACHUSETTS DEPARTMENT OF 
PUBLIC HEALTH 


renal histology 


aortography. A small, but significant, percentage 
of these patients developed progressive azotemia. 
Killen and Lance*: ® and Thomson and associ- 
ates’ have studied the effects of various iodinated 
contrast media on renal function and histology 
in experimental animals. The latter? found that 
sodium acetrizoate (Urokon) and _ idiopyracet 
Diodrast) each produced more profound reduc- 
tion in renal function and more extensive altera- 
tions in renal histology than did diatrizoate 
Hypaque) or diprotrizoate (Miokon). They 


Fig. 1. Biopsy specimen showing normal glomeru- 
lar tuft. (Hematoxylin and eosin. <280.) 
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Fig. 2. Renal biopsy obtained 48 hours following 
abdominal aortography. There is marked deposi- 
tion of an eosinophilic staining material within 
the glomerulus. (Hematoxylin and eosin. x280.) 


Fig. 3. Low-power view of biopsy specimen follow- 
ing aortography, showing the striking difference 
between two glomeruli on the same field. (Hema- 
toxylin and eosin. Original magnification x140.) 


noted grossly a homogenous pale-brown pallor 
of the cortex in the involved kidneys. In some 
instances the discoloration involved only the 
ventral half (dependent portion) of the kidney. 
Microscopically the changes were quite varied 
and predominantly confined to the tubules. In 
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some of the involved areas there was an abrupt 
zone between normal and involved tissue. In 
the most severely involved kidneys cortical 
necrosis was present. Killen® found proteinaceous 
casts and cellular debris within the tubular lu- 
men. The glomeruli exhibited little damage but 
occasionally contained some small amounts of 
eosinophilic material within Bowman’s space. 

It has not been determined whether these 
changes are completely reversible; however, 
Killen® found that renal function returned to 
normal in 4 of the 9 animals with azotemia in 
the 21 days that he followed them. It appears 
that the severity of the renal damage and 
probably the irreversibility of the lesion are 
directly related to the extent of the initial in- 
sult.?> 6 

Although other observers have noted this 
dramatic change in the renal histology in the 
human, it has not been reported previously. 
With the increased use of aortography, it is 
important to realize the potential hazard and 
the possible difficulty with interpretation of renal 
histology when a biopsy is performed shortly 
after abdominal aortography. 


L. B. TRAVIS, M.D. 

C. W. DAESCHNER, JR., M.D. 

W. F. DODGE, M.D. 

H. C. HOPPS, M.D. 

UNIVERSITY OF TEXAS-MEDICAL BRANCH 
GALVESTON, TEXAS 
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T, be floppy infant” 


To the Editor: 

In an attempt to accelerate the motor de- 
velopment of the “floppy child” I have been 
using large doses of neostigmine. I am personally 
convinced of its effectiveness. But predicting 
future progress of such a child on the basis of 
past accomplishment is difficult and in many 
instances unreliable. There are too few of these 
children and their state so variable that a 
double-blind study is impractical. Therefore, if 
multiple investigators were to use the same 
method, the sum of their opinions would be of 
great value. Perhaps others would try this 
method; I would be most interested in their 
results. 

The children, who in my experience respond 
to neostigmine, are those described as having 
“benign congenital hypotonia.” The criteria I 
have used for this syndrome are: 

1. Failure of normal motor developmental per- 
formance, but apparent normal intellect. 

2. Hypotonia, hyperextensibility of all joints, 
absence of palpable muscle mass in the extremi- 
ties. 

3. Presence of tendon reflexes. 

4. Involvement of musculature of the ali- 
mentary system causing dysphagia and intractable 
constipation. 


The dosage schedule of neostigmine which J 
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have used is: 15 mg. 3 times a day with meals, 
then 22 mg., and finally 30 mg. with each meal. 
Each step is made at weekly intervals. The medi- 
cation must be given with meals. If diarrhea 
occurs, the dose is reduced for a week and then 
advanced again. Medication is continued at 90 
mg. a day for 3 months and then stopped 
abruptly. If the child reverts to his previous state 
when the medication is stopped, another 3 
months’ course is given. There are no side effects 
from this therapy when given to the child with 
“benign congenital hypotonia.” Care must be 
exercised, however, when neostigmine is given to 
a child with a convulsive disorder. 

I would be very interested in hearing the com- 
ments of anyone who would try this method and 
will supply any additional information I have, 
if desired. 

R. M. N. CROSBY, M.D. 

Editor's note: 

The difficulties in evaluating therapeutic pro- 
cedures in hypotonic infants should be appreci- 
ated and especially so when the presumed effects 
may be apparent only after a relatively long 
period of time. The need for real objectivity in 
attributing any improvement in the child to the 
therapy should be obvious. 

W. E. N. 
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The American Board of Pediatrics, Inc., sub- 
specialty of Pediatric Allergy, certified the fol- 
lowing diplomates at Washington, D. C., on 
April 6 and 7, 1961: 

Arbeiter, Herbert I., 7550 Hohman Avenue, 
Munster, Indiana 

Barkin, Gilbert Donald, 3509 Montrose Boule- 
vard, Houston 6, Texas 

Barysh, Noah, 24 Elm Street, New Milford, 
Connecticut 

Freeman, Geraldine, Allergy Department, Chil- 
dren’s Hospital of D. C., 2125 13th Street, 
N.W., Washington, D. C. 

Goebel, Carl William, 327 West Creighton 
Avenue, Fort Wayne, Indiana 

Harris, Rafael C., 1125 East 17th, Suite 120, 
Santa Ana, California 

Hertzmark, Frederic, 1246 Blue Hill Avenue, 
Mattapan 26, Massachusetts 

Mandell, Marshall, 160 East Avenue, Norwalk, 
Connecticut 

Niermann, William Albert, 201 Upnor Road, 
Baltimore 12, Maryland 

Pinkerton, Herman H., Jr., Johnston Memorial 
Clinic, Abingdon, Virginia 

Rosenfeld, George B., 442 Beach Road, Buffalo 
25, New York 

Sarioglu, Ali Riza, 3130 Wisconsin Avenue, 
N.W., Washington 16, D. C. 

Schneider, Philip, 68-61 Yellowstone Boulevard, 
Forest Hills, New York 

Sterrie, Norman Anderson, 4959 Excelsior Boule- 
vard, Minneapolis 16, Minnesota 

Wittig, Heinz J., 3 English Village, Cranford, 
New Jersey 

Wolf, Stanley I., 8901 Spring Valley Road, 
Chevy Chase, Maryland 


The American Board of Psychiatry and 
Neurology, Inc., subspecialty of Child Psychi- 
atry, certified the following diplomates in March, 
1961: 

Milford E. Barnes, Jr., M.D., 1206 Pleasant 
Street, Des Moines, Iowa 

H. Robert Blank, M.D., 62 Waller Avenue, 
White Plains, New York 


*Notices of meetings must be in the hands of the Editor 
} months in advance of the date in order to appear in the 
JouRNAL in time. 


Richard Leos Jenkins, A.B., M.D., 500 Newton 
Road, Iowa City, Iowa 

Reynold A. Jensen, M.D., 412 Union Street S.E., 
Minneapolis 14, Minnesota 

Paul Hartley Jordan, M.D., 302 West Second 
Avenue, Flint, Michigan 

C. Raymond Kiefer, Jr., M.D., 179 Allyn Street, 
Hartford, Connecticut 

Margaret Schoenberger Mahler, M.D., 300 Cen- 
tral Park West, New York 24, New York 

Samuel Rosmarin, M.D., 10 Franklin Avenue, 
White Plains, New York 

Earl Saxe, M.D., 1148 Fifth Avenue, New York 
28, New York 

Louis A. Schwartz, M.D., 861 Fisher Building, 
Detroit 2, Michigan 

Lenore M. Sportsman, M.D., 213 Ontario Street, 
Albany, New York 

Florence Lillian Swanson, M.D., 60 South 
Fullerton, Montclair, New Jersey 


The fourth annual meeting of the American 
Association of Poison Control Centers will take 
place in Chicago, Oct. 3, 1961, in the Wabash 
Parlor of the Palmer House. Papers are solicited 
dealing with general or special aspects of 
toxicology or other aspects of poisoning or poison 
control. Abstracts of the papers should be sent to 
Harry C. Shirkey, M.D., The Children’s Hospital, 
Birmingham 5, Alabama, on or before Aug. 1, 
1961. 


The Institutes for Physicians and Nurses in 
the Care of Premature Infants will begin at the 
New York Hospital—Cornell Medical Center on 
the following dates: Sept. 18, 1961; Nov. 6, 1961; 
Jan 8, 1962; March 19, 1962; and May 16, 1962. 
Under the sponsorship of the New York State 
Department of Health and the United States 
Children’s Bureau, the Institutes are designed for 
physicians and nurses in charge of hospital nurs- 
eries for premature infants and consultants in 
state and local programs for premature infants. 
Doctors’ programs last for 2 weeks and nurses’ 
programs for 4; attendance at each Institute is 
limited to 6 physician-nurse teams; there is no 
tuition fee, and stipends are provided to help 
cover expenses. Address inquiries to Box 143, 
Institute in the Care of Premature Infants, The 
New York Hospital, 525 East 68th Street, New 
York 21, N. Y. 
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Origins of crime 


EARLY in his career, Dr. Richard Cabot 
became interested in applied sociology and 
after his retirement from the Massachusetts 
General Hospital he devoted his principal 
energies to this field. Cabot conceived the 
idea that criminality could be prevented if 
potentially maladjusted children were ex- 
posed, early in life, to a friendly relationship 
with an understanding person. 

Under his guidance, a plan was set in 
motion for the treatment of several hundred 
boys whose behavior indicated that they were 
potential criminals. To provide a_ proper 
control group the boys were divided into 
325 pairs, carefully matched for physical 
health, home background, neighborhood, and 
“delinquency prognosis.” The average age 
of the boys at the beginning of treatment 
was 11 years. 

The study was carried on for about 6 
years. It came to be known as the Cam- 
bridge-Somerville Youth Study, named after 
the two communities where the boys lived. 

Three years after the termination of the 
study it was found that as many treated as 
control boys had run afoul of the law. About 
40 per cent in each group developed official 
criminal records. Powers and Witmer,’ who 
analyzed the voluminous records, concluded 
that the experiment was a failure and that 
the work of the counselor was no more effec- 
tive than the usual forces in the community 
in deterring boys from delinquent behavior. 

The study has been criticized on the basis 
that treatment was in many ways inade- 
quate. The fact remains, however, that the 
“treatment” group received more psychiatric 


guidance than the “control” group and yet 
did not seem to benefit by it. 

In 1955, 10 years after the termination of 
treatment and 16 years after the beginning 
of the experiment, McCord and McCord* 
undertook a further follow-up of the 
Cambridge-Somerville boys, now for the most 
part men in their late twenties and thirties. 
They found that treatment had, on the 
whole, failed to prevent delinquency or adult 
criminality. The treated boys did not differ 
significantly from the controls in the number 
of crimes committed or in the number of 
boys who became criminals. Moreover, they 
committed the same types of crimes. Treat- 
ment was equally ineffective whether the 
boy was dull or bright, loved or unloved, 
brutally disciplined or undisciplined, from 
slum or nonslum area. 

One hopeful result emerged. Frequent, 
intensive therapy seemed to be beneficial in 
boys in whom it was begun before ihe age 
of 10 years. 


THE ORIGINS OF CRIME 


The original study was primarily designed 
to prevent criminal behavior but, because of 
the extent of the data and the care with 
which it was collected, it was possible for 
the McCords to come to certain conclusions 
regarding the etiology of crime as well. 

They carefully studied the voluminous 
case records by the various workers involved 
in the study—counselors, home visitors, 
psychologists, and social workers. They then 
established categories for a large number o! 
possible etiological variables and each bo) 
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was rated accordingly. Among the variables 
which they investigated were the methods 
and duration of treatment, the boys’ in- 
telligence, the personality make-up of the 
boys, the personalities of the parents, the 
role of parental discipline, the home atmos- 
phere, gang membership and cultural con- 
flict, and the neighborhood. Their method 
of study permitted them to come to certain 
conclusions, not only about the causes of 
criminal behavior but also regarding the re- 
lationship between the early environment 
and specific types of crime, and about the 
accuracy of delinquency prediction. 

Although the judgments were necessarily 
largely subjective, reliability was high; 3 
judges agreed to the extent of about 80 per 
cent on a 10 per cent sample of the “treated 
group,” chosen at random. 

It is important to note that all analyses of 
the records were made without knowledge 
of the later lawbreaking. The judgments of 
the various factors in the boys’ backgrounds 
were made first, and only later were the 
subsequent criminal records examined. In 
this way retrospective bias was eliminated. 

The McCords, like earlier observers, found 
no significant relationship between low in- 
telligence and criminal behavior. They quote 
Murchison’s observation in 1926 that 
criminal prisoners had significantly higher 
average mental test scores than prison 
guards. 

As for the physical causes, criminality was 
not related to general health. However, 


definite neurological handicaps were signif- 


icantly more frequent among the criminals 
than among the controls, Acne, too, was 
more common among the lawbreakers, but 
the McCords suggest that this may have 
been but another sign of the emotional stress 
which led to criminality. 

The type of neighborhood in which a boy 
grows up seems to influence the frequency 
of criminal behavior. When the McCords 
rated neighborhoods as “good,” “fair,” 
‘poor,” and “worst,” they found that more 
boys from the “poor” and “worst” neighbor- 
hoods committed crimes than from the less 
bad. Boys who live in good neighborhoods 
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are more likely to express their emotional 
dissatisfaction in noncriminal ways. They 
point out, however, that neighborhood alone 
fails to explain unlawful behavior since so 
many of the boys from the worst areas never 
became delinquent. A slum neighborhood 
can lead a boy into criminal behavior but 
only if other factors in his life’s experience 
make him susceptible. A favorable home 
environment seems to immunize a boy against 
the undesirable features of slum living. They 
conclude that the relation between “delin- 
quent” areas or subcultures and crime is not 
highly significant. 

A prominent factor which influences the 
frequency of crime is the type of discipline 
in the home. By dividing the types of dis- 
cipline in various ways the McCords con- 
cluded that consistent discipline was the best 
preventive and that erratic discipline which 
varied between laxity and punitiveness had 
the most harmful effect on the boys. On 
the other hand, discipline which was charac- 
terized by threats of “withdrawal of love” 
(that is, methods based on rewards and 
privileges in combination with reasoning) 
and which was backed by consistent demands 
tended to decrease criminal behavior. Dis- 
cipline which was consistently punitive did 
not lead to lawbreaking. 

Like the Gluecks*® before them, the Mc- 
Cords found that the lawbreakers join gangs 
more often than the law-abiders. They in- 
cline to the view, expressed by the Gluecks, 
that gang membership reinforces rather than 
initiates deviant behavior. 

Sons of immigrant fathers were less often 
criminal than the sons of American born. 

The McCords regard the home as the 
critical factor in the origin of criminal be- 
havior. Children who live in a cohesive home 
are relatively immune from delinquent be- 
havior. By a cohesive home they mean one 
in which the parents have affection for each 
other and for the children, where the mem- 
bers take pride in the family unit, and where 


_ the family participates together in many of 


their recreations. Less important were 
“broken” homes. Banister and Ravden* 
showed that homes which were broken by 
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death of a parent were less often conducive 
to unlawful behavior than homes disrupted 
by separation or divorce. The influence of 
“broken” homes has been overstressed. 

Loving mothers, even when the affection 
was associated with overanxiety, overprotec- 
tion, or neurotic behavior, tended to deter 
criminal behavior, whereas cruel, passive, 
and neglectful mothers or absence of the 
mother seemed to promote lawbreaking. 

Fathers who were themselves criminal 
tended to have sons who were criminal. 
Cruelty or neglect, alcoholism, and sexual 
unfaithfulness were additional factors which 
encouraged lawbreaking in the sons. 

Of interest was the finding that a higher 
percentage of middle children became 
criminals than of only, oldest, or youngest 
children. There have been a number of de- 
scriptions of the behavior of children accord- 
ing to birth order but they lack the quantita- 
tive validity of the McCord study. 


CHOICE OF THE CRIMINAL ACT 


An interesting aspect of the McCord study 
was the choice of the criminal act. Their 
analysis brought to light that certain early 
influences, such as parental neglect, quarrel- 
some parents and erratically punitive dis- 
cipline, are broadly criminogenic and may 
be regarded as the common denominators 
of crime. A second generalization is that, in 
particular types of crime, these basic influ- 
ences are combined with a variety of other 
influences. Thus, the sons of passive mothers 
committed a high proportion of sex crimes 
and were frequent traffic violators but did 
not commit crimes of violence. Overprotec- 
tive mothers, on the other hand, produced 
sons who were more prone to violent crimes 
as well as traffic offenses, but a low propor- 
tion of sexual crimes. The McCords make a 


good case for a relationship between specific, 
undesirable early influences and the choice 
of a specific type of criminal behavior. 


AGE OF THE CRIMINAL 


Another facet of the crime problem which 
was studied by the McCords has to do with 
the age at which criminal behavior ceases. 
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Previously the Gluecks® had turned their 
attention toward the observation that 
criminal behavior generally ceases during the 
middle twenties. The McCords found that 
four factors—the mother’s personality, the 
father’s example, disciplinary methods, and 
the neighborhood—differentiated the re- 
formed delinquents, that is, those who had 
been convicted of no crimes after 17 years 
of age from the repeaters who continued 
their criminal careers after they were 18 
years old. 


PREDICTION OF DELINQUENCY 


Basing their judgments largely on home 
atmosphere, parental personality, and dis- 
ciplinary practices, the Gluecks® have shown 
that it is possible to predict future criminal 
behavior. The McCords found that in the 
case of the Cambridge-Somerville boys, 16 
years after the judgments were made, the 
predictions were highly accurate. Seventy- 
nine per cent of boys who had been given 
the most favorable ratings did not commit 
any crimes. On the other hand, 59 per cent 
of the boys given unfavorable ratings became 
criminals. The principal error made was in 
overpredicting criminality. 

The McCords have made an important 
contribution to the literature concerning the 
origin of crime. They stress the powerful in- 
fluence of the home. The warm, cohesive 
home where discipline is consistent produces 
few criminals, the disorganized home with 
quarrelsome, neglectful parents produces 
many. 

They have not considered such questions 
as to why the delinquency rate is high in the 
United States and Britain and low in cer- 
tain other countries; why the marked rise 
has taken place in the United States since 
World War II; why delinquency has ex- 
tended to smaller cities and rural communi- 
ties; why delinquency has increasingly in- 
volved young people whose parents are in 
the middle and upper income groups. 

The McCords have made a major con- 
tribution to the study of delinquent and 
criminal behavior. Using techniques which 
are objective, they have discarded specula- 
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tion in favor of rigid analysis. The tech- 
niques which they employed to sort out the 
multiple factors leading to lawbreaking may 
well serve as a model for other studies in 

human behavior. 
HARRY BAKWIN, M.D. 
Department of Pediatrics 
New York University 
School of Medicine 
New York, N. Y. 
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Radiation therapy of hemangiomas 


RADIOLOGISTS and pediatricians }.ave 
rightfully become unwilling to use x-ray 
therapy for the treatment of benign diseases 
during the childhood years. The late skin 
changes, the interference with epiphyseal 
growth with later degenerative changes, and 
the association with later neoplasia have 
created this cautious attitude. This is no- 
where better illustrated than in the treat- 
ment of the usual hemangiomas during 
infancy. Formerly, many such lesions were 
irradiated. Today a policy of judicious 
avoidance of therapy together with strong 
parental reassurance usually suffices, since 
the vast majority of such lesions disappear 
spontaneously. 

The article in this issue by James and 
Tuttle, describing an infant with giant 
hemangioma with associated thrombocyto- 
penia successfully treated by radiation, points 
out that this “benign” lesion of infancy may 
be large enough to contraindicate operation 
and yet be severe enough to demand therapy. 
Failure to recognize this entity results in a 
perplexing diagnostic problem and much 
unnecessary diagnostic and therapeutic effort. 
Although the pathogenesis of the thrombo- 


cytopenia is not clear, the clinical association 
of giant hemangioma and low platelets is 
well established. The hazards from thrombo- 
cytopenia and from massive hemorrhage 
into the lesion are such that therapy is indi- 
cated. There is an increase in platelets as 
the hemangioma regresses; in most instances 
they have risen to normal levels within 2 to 
3 months after successful radiation therapy. 

Kasabach and Merritt’ described the first 
such hemangioma treated successfully by 
radiation; their patient had a normal limb 
length and no change in the epiphyseal 
growth 2 years after treatment. Although 
they used radium therapy as well as x-ray 
in their case, a number of subsequent reports 
have indicated that x-ray therapy alone is 
sufficient. 

The purpose of such therapy should be to 
correct the thrombocytopenia and not. to 
obliterate the hemangioma. It is clear from 
the cases reported and our own experiences 
that small doses of radiation are sufficient 
to cause return of the platelet count to nor- 
mal, although such return is usually delayed 
by a matter of weeks. With such low doses 
as are appropriate, injury to the skin and 
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underlying structures is of infinitesimal inci- 
dence. When the hemangioma is in such a 
position as to require irradiation of the neck 
and superior mediastinum (thymus) in in- 
fants, the additional consideration of later 
thyroid carcinoma makes it much less easy 
to give similar assurance of lack of adverse 
effect. With this qualification, it may be said 
that air doses of 300 to 400 r to the entire 
lesion are sufficient for the purpose discussed 
und are without hazard. Higher doses are 
inappropriate, at least until an observation 
period of at least a month shows failure of 
response of the platelets and of the associated 
bleeding phenomena. 

Caution must be exercised in writing and 
reading reports of x-ray dosage employed; 
the addition of exposures to different areas 
is misleading and may cause others to give 
unnecessarily high doses. For example, a 
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large lesion involving the anterior and lateral 
aspect of the body may be divided for treat- 
ment into 4 areas, each receiving 100 r in 
air on each of 4 days. This may be errone- 
ously summarized as “16 treatments of 100 
r each,” or “1,600 r”; the correct summary 
would indicate that the entire lesion was ex- 
posed to 100 r per treatment on each of 4 
days for a total to the entire lesion of 400 r. 
Care in terminology will avoid misunder- 
standing and overirradiation; 400 r, under 
the above circumstances, is prudent, safe, 
and necessary, while 1,600 r is not. 

ARTHUR E. MC ELFRESH, M.D. 

ROBERT ROBBINS, M.D. 
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